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Flokkaito Imperial University, Sapporo). 


(Received for publication, May 80, 1923.) 


I have previously published one part of the results (Miyake 
1922) of my chemical studies of corn pollen, in which the general 
composition was determined, and. i-inosite and phytosterol were 
isolated. Since then, I have studied the nature of the carbohy- 
drates and organic bases of corn pollen, and the results of these 
investigations are to appear in this article. 


EXPERIMENTAL PART. 


Sample used. 


The sample was collected in August 1922, by the method 
recorded in my previous report, from the same variety (Southern 
Horse Tooth) of Dent corn as in the former experiment, raised 


at Sapporo, Hokkaido, Japan. 
A. CARBOHYDRATES. 


Ir. Carbohydrates of the alcohol extract. 


5 kgs of the pollen thus obtained, were placed in a flask 
and digested with 80 per cent alcohol. From this mixture, the 
alcohol-extract was separated by filtration. The pollen residue 
was treated with a fresh portion of alcohol twice more. After 
mixing these extracts, the alcohol was removed by vacuum distilla- 


tion from this solution. 
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The syrup produced was first purified with 80 per cent 
alcohol and then with 90 per cent. Thus about 50 gms of 
purified syrup were obtained, which showed the following 
reactions : 

1) It indicated positively Molisch’s reaction for carbohydrate. 

2) It reduced Fehling’s solution strongly. 

3) The presence of the glucose group was confirmed by a 
saccharic acid test which was carried out by the Tollens and 
Gans method (1888). The quantity of silver in the purified 
salt was determined and found to be 50.85 per cent of this salt, 
which coincided well with the theoretical amount of 50.91 per 
cent in silver saccharate. 

4) There was a difference between the content of reducing 
sugar in the syrup before and after invertion. This indicates the 
presence of non-reducing sugar. 

5) The ketose group was detected by Selliwanoff’s 
resorcin test (1887), which was carried out as follows :— the 
syrup was dissolved in a little water in a test tube, then a small 
quantity of resorcin and concentrated hydrochloric acid (1/4 in 
volume of the solution) were mixed with it and the mixture was 
heated. The characteristic fire-red colour appeared. 

6) Then free ketose was detected by the Pinoff’s test, 
that is, 10 cc. of 4 per cent ammonium molybdate solution and 
10. cc. of the solution of the syrup were mixed in a test tube. 
After adding a little acetic acid, it was heated in a boiling water 
bath for 8 minutes. A blue colour appeared which indicated the 
presence of ketose. 

7) Crystals of mucic acid were not produced by the 
oxidation of this syrup with nitric acid, this indicates the absence 
of the galactose group. 

8) Mannose was not present, for mannosephenylhydrazone 
was not produced by the usual method, that is, by mixing the 
syrup with 20cc. of water, adding 6 drops of phenylhydrazine 
and 3 drops of acetic acid. The mixture was stirred continuously, 
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and kept at room temperature, but it did not produce any crystals 
of mannosephenylhydrazone. 

9) For the identification of glucose, the method recommended 
by Fischer (1890) was used. The syrup was dissolved in a 
little water and diphenylhydrazine in alcohol solution was added. 
By allowing the mixture to stand for several days, the diphenyl- 
hydrazone was crystallised out as small needles, which melted at 
163° after recrystallisation. 

10) The presence of the pentose group was confirmed by 
Tollen’s deposit method (1896). The solution of the syrup was 
heated with an equal volume of concentrated hydrochloric acid 
and a little phloroglucin added. After standing for 3 minutes, 
the solution was then cooled and filtered. The precipitate formed 
was washed with water and then dissolved in 95 per cent alcohol. 
The alcoholic solution was coloured slightly violet and showed an 
absorption band in the yellow of the spectrum. 

11) The presence of xylose could not be ascertained by 
Bertrand’s method (1900). By this method, needle shaped 
crystals of cadmiumbromxylonate should be produced if the syrup 
contains xylose. 

12) Neither could the presence of arabinose be verified by 
the method of Neuberg (1902). Though the needle crystals 
were produced, they proved to be crystals of glucose-diphenyl- 
hydrazone, after determination of the melting point. 

13) The improved method of K. Kondo and K. Oshima 
was used for the detection of the methylpentose group, but the 
characteristic absorption band of methylfurfurolphloroglucide could 
not be observed. 

14) Though, by the method of Schulze the isolation of 
the crystals of sucrose was attempted, the results proved unsuc- 
cessful. The syrup, however, exhibited the characteristic colour 
reaction of sucrose by the method proposed lately by Kryz 
(1922). The solution of the syrup was treated with lcc. of a 
saturated solution of NiSO,(NH,),.SO,6H,O, and then a few drops 
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of concentrated sulphuric acid were added to it. By boiling, it 
turned yellow and finally red. 

15) The osazone test was carried out by Fischer's method 
(1884). 2ems of syrup, 3 gms of sodium acetate, 2 gms phenyl- 
hydrazine hydrochloride and 20 cc. of water were mixed in a test 
tube and heated in a boiling water bath for one hour with frequent 
stirring. After the stated time, the solution was cooled and the 
crystals were collected on filter paper. The osazone obtained was 
then treated with hot water. The osazone soluble in hot water 
could not be identified because its quantity was too small for 
examination. The osazone insoluble in hot water was recry- 
stallised from hot 95 per cent alcohol. After examination its 
melting point was found to be 204°. This osazone should be, 
therefore, that of fructose or glucose. The isolation of an osazone 
besides glucosazone from the alcohol solution of the crude osazone 
insoluble in hot water proved unsuccessful. 

From the above tests, the following may be concluded : 

The carbohydrates, contained in the alcohol extract, consist 
of reducing sugar and non-reducing sugar. As to reducing sugar, 
the presence of glucose and fructose was proved, but that of 
pentose was very doubtful. As to non-reducing sugar, the presence 
of cane sugar only was verified. 


2. Carbohydrates of the water extract. 


The pollen residue from the alcohol treatment was dried 
and extracted 3 times with 3 litres of water. The water extract 
thus obtained was cleared by filtration, and 95 per cent alcohol 
was then added to this solution until no more precipitate was 
produced. The precipitate formed, was separated by the centrifuge 
and washed first with 50 per cent, and then with 95 per cent 
alcohol, and dried in a desiccator over concentrated sulphuric 
acid. The precipitate thus obtained gave the reaction for 
carbohydrates and also for protein. The precipitate was dissolved 
again in water. The water solution was then heated in order to 
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coagulate the protein. The coagulum formed was removed 
by filtration and the solution was dialysed for purification. To 
this purified solution was then added 95 per cent alcohol until 
no more precipitates were produced. And this precipitate was 
washed successively with 50 per cent, 95 per cent, absolute 
alcohol and ether, then dried. The following reaction of precipitates 
was tested. 

1) The water solution of this precipitate did not show any 
more the reaction of protein. 

2) It turned its colour to brown by the addition of iodine 
solution. 

3) It reduced Fehling’s solution after hydrolysis with 
hydrochloric acid, but not before. 

4) The absence of the ketose group was proved by the 
negative result of Seliwanoff’s and Pinoff's test. 

5) Neither could the reaction of pentose be observed. 

6) It produced saccharic acid through the oxidation of the 
syrup with nitric acid. 
7) The alcohol soluble osazone (m.p. 204°) was isolated 
from it by Fisher’s method, after hydrolysis with hydrochloric 
acid, 

From the above tests, it may be concluded that this white 
precipitate must be dextrin. 


3. Carbohydrates of the inssluble part. (Heimicellutose.) 


Since the presence of starch was verified by micro-chemical 
examination, 500 gms of the pollen, after extraction with alcohol 
and water, were placed in a flask and heated with water in a boiling 
water bath until the starch became gelatinised. When cooled to 
60° malz extract was added and this mixture was kept at this 
temperature for 3 hours and then filtered. The same treatment 
was repeated twice more, and starch was removed completely. 
After washing the residue thoroughly with distilled water, it was 
extracted with a 0.2 per cent sodium hydroxide solution to remove 
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the protein. The residue thus obtained washed with distilled 
water to free it from protein and alkalies. It was then placed 
in a porcelain jar with 8 litres of 5 per cent sulphuric acid and 
heated on a boiling water bath for about 10 hours, and then 
filtered. The filtrate thus treated was neutralized with calcium 
carbonate and filtered again. The solution obtained was concent- 
rated by evaporation with a small quantity of calcium carbonate 
on a boiling water bath, and filtered from time to time as soon 
as the preciptate was formed. 

The syrup produced was purified with 80 per cent and 
then with 95 per cent alcohol. 

The syrup exhibited only the following reactions for carbo- 
hydrates: — the Bertrandt’s test for xylose, and the saccharic 
acid test for the glucose group. 

So, it may be safely concluded that this syrup contains 
glucose and xylose. Therefore, the hemicellulose of the corn 


pollen consists of these sugars. 


SUMMARY. 


The carbohydrates of the corn pollen consist of starch, 
dextrin, sucrose, glucose, fructose, and hemicellulose which is 
composed of glucose and xylose. The presence of free pentose 
is very doubtful. 


B. ORGANIC BASES. 


The syrup, gained from the pollen by extraction with 80 
per cent alcohol for the investigation of the carbohydrates as 
previously stated, was also used for the isolation of organic bases. 

After the syrup was dissolved in water, the solution was 
first treated with normal lead acetate and then with the basic 
salts. The precipitates found were filtered off and the excess of 
lead was removed from the filtrate as sulphate. Sulphuric acid 
was added until its amount was reduced to 5 per cent and then 
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a concentrated aqueous solution of phosphotungstic acid was added 
until no more precipitates were formed. The precipitate was 
filtered and washed repeatedly with 5 per cent sulphuric acid. 
The bases were again liberated from the phosphotungstates 
by means of baryta of fine powder. After the precipitates of 
barium phosphotungstate were removed, the alkaline solution was 


neutralized with nitric acid, and then silver nitrate solution was 


added. 


1. LPurine bases. 


The silver salts of bases formed by the above treatment 
were filtered, washed and treated with ammonia. The insoluble 
part of these salts was treated with hydrcciloric acid and the 
silver was removed as silver chloride. The residue, obtained by 
the evaporation of this filtrate, did not indicate the reaction of 
guanin. 

From the soluble part of this silver salt, the silver was 
removed by means of hydrochloric acid. The filtrate was then 
evaporated to a dry state under low temperature and dissolved 
in a little water. Next, the saturated solution of picric acid was 
added to the solution. The yellow prismatic crystals were then 
formed. These crystals, after recrystallisation from acetic acid, 
exhibited the following properties which coincided with those of 
adenine picrate. 

1) It melted at 281° 

2) The crystals were dried at 98° and analysed with the 


following results. 


0.1 gm. substance ; 96.2 cc. N at 18° 768 mm. 
Calculated for adeninepicrate. N 30.78% 
Found. N 30.59% 


Thus, these crystals proved to be adeninpicrate. After the 
adeninpicrate was separated from the solution, the filtrate was 
acidified with nitric acid, and the excess of picric acid was 
extracted with ether and evaporated to a dry state. Though 
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this residue was tested for the reaction of xanthin and hypoxan- 
thin, no results were obtained. 


2. Hexone bases and cthe.s. 


From the solution from which the purine bases were removed 
as silver salts, none of the hexone bases could be isolated by the 
usual method. 

The filtrate, separated from the precipitates which were 
produced by addition of excess of silver nitrate and barium 
hydroxide for isolation of the hexone bases, was treated with 
hydrochloric acid and sulphuric acid to remove silver and barium. 
The filtrate thus obtained was then acidified with sulphuric acid, 
and phosphotungstic acid was added. The precipitate produced 
was decomposed with baryta, and barium sulphate was removed. 
Then the filtrate was acidified with hydrochloric acid and evapo- 
rated into a small volume under vacuum. The crystal were 
produced which dissolved easily in absolute alcohol and produced 
a compound with alcoholic aurichloric acid which melted at 140’. 

herefore, this crystal must be choline. 


SUMMARY. 


The presence of adenine and choline, as organic bases of 


corn pollen, was proved. 


LITERATURE. 


Fischer, (1884): Ber., 17. 579. 

Fischer, (1890): Ber., 23, 805. 

Kondo and Oshima: J. Tokyo Chem. Soc., 39, 185. 
Kryz, (1922): Chemical Abstracts, 1§. 2. 222. 
Miyake, S. (1922): J. of Bioch. (Japan), 2, 27. 
Neuberg, (1902): Ber., $5, 2243. 

Schulze: Z. Ver. Deut. Zuckerind., 88, 22. 
Seliwanoff, (1887): Ber., 20, 181. 

Tollens and Gans, (1888): Ber., 2], 2148. 
Tollens, (1896): Ber., 29, 1202. 

Tollens and Widtsoe, 900} Bers S332: 


ON LETHAL TEMPERATURE OF PURE 
KOJI-DIASTASE IN AQUEOUS SOLU- 
TION AND RECOVERY OF ITS 
ACTION AFTER HEATING. 
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KOJI MIYAKE anp MITSUJI ITO. 
(Loom tre Laboratory of Agricultural Chemistry, College of 
Agriculture, Hokkaido Imperial University, Sapporo.) 


(Received for publication, July 12, 19283. 


In a previous report from our laboratory it was proved 
that any temperature lower than 140°C., when heat was applied 
for a moment did not kill Koji-diastase in aqueous solution, and 
that at 140°C. itw as entirely destroyed. It was also found that 
at a temperature lower than 100°C. Koji-diastase in aqueous 
solution still retained its action even when heated for one hour, 
while its power was destroyed by heating longer than 30 minutes 
at 115°C. and 5 minutes at 130°C. 

It was furthermore proved that the diastatic power of 
Koji-extract when injured by heating at a temperature lower than 
lethal, recovered to some extent by preserving the extract at room 
temperature, but that the extract heated at lethal temperature 
having lost its action completely, never recovered its power of 
saccharification even by preserving it for long intervals of time. 
The degree of the recovery of its action after heating increased 
with the prolongation of the time for preservation while it decreased 
with the increase of time of heating. However it never attained 
to a power equal to that of the original state. 

The results given in the previous paper are those of the 
study with Koji-extract, and not with Koji-diastase in pure form. 
The present paper embodies, consequently, the results obtained 
with Koji-diastase in pure form. 
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On LetrHaL TEMPERATURE. 


The sample for the present investigation was made as 
follows: 820 grams of Koji made from polished rice, under the 
same conditions with that in the previous investigation, were taken. 
After addition of 1.45 liters of 209% alcohol in volume it was 
left for 43 hours at room temperature with frequent agitation. 
Then it was filtered and washed with 200cc. of 209% alcohol. 
One liter of the filtrate was obtained. To the filtrate, absolute 
alcohol was added making it altogether 80% in volume, then 
Koji-diastase was precipitated. The precipitate was gathered on 
filter paper, washed with 809% alcohol and then purified by 
Lintner’s method. The yield of Koji-diastase thus obtained 
was 2.803 grams (0.829%). After analysis it was found to be 
almost pure, being freed from ash. To the 0.056% solution of 
this Koji-diastase, 29% toluol was added making it antiseptic and 
it was then placed in a bottle at a temperature of 5-15°C. The 
solution thus obtained was neutral in reaction. At the same time 
2% soluble starch solution with 2% toluol as an antiseptic was 
prepared. The starch solution thus prepared was also neutral in 
reaction. 

The diastatic power of the solution in each experiment 
which was conducted to determine the lethal temperature of 
Koji-diastase, was measured by the same method as that described 
in the previous report. 

The result obtained was as follows: 


Result 1. Diastase solution heated at 25°C. for 120 minutes. 


Tine sollowede toe Volume in ce. of KMnO, solution used 
: : for titration 
saccharification pe es ee 
(Hr) Control Heated Difference 
Diastase solution 

Sane 0 0.10 0.10 = 
Diastase solution 0 0.20 0.20 = 
+ starch 1 S250 3.50 0 
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Ti ~ Volume in cc. of KMnO, solution used — 
ime allowed for f ey 
Rc aees or titation 
saccharification 
(Hr) Control Ifeated Difference 
5 5.10 5.10 0 
Diastase solution ae 4 
Ro saren 15 (8.5875) 6.25 0 
25 6.40 6.40 0 
50 6.60 6.60 0 
100 6.7 6.70 0 
Note :— 


1. Control: —the relative power of saccharification of the original solution. 
2. Heated:—the relative power of saccharification of the heated solution. 
3. Difference.—difference of power of saccharification between the control 


and the heated solution. 


The above notes have been used through the whole experiment. 


In this case a weakening influence upon the saccharifying 
power of Koji-diastase in pure form, caused by heating was _ not 


observed. 


Result 2. Diastase solution heated at 40°C. for a moment, 
and 120 minutes, respectively. 


/ Volume in cc. of KMn0O, solution used for 
titration 
Time allowed for i in a — - 
saccharification For a moment For 120 minutes 
(Hr) Control al =a 
ested) eed ees 
rence rence 
Diastase solut- 0 0.10 0.10 Pz 0.10 a5 
ion alone i 
0 0.2 0.2 _ 0.20 — 
1 3.50 Saonl) -0.20 3.20 -0.30 
5 5.10 5.00 | -0.10 4.85 -0.25 
Ee ne 15 6.55 | 6.£0 |-0.05 | 6.10 | -0.25 
jion-+ starch 
25 6.40 Gee | AUG 6.2 —0.20 
50 6.C0 6.55 -0.05 6.40 -0.20 
1C0 6.70 6.7 0 6.55 -0.15 
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It will be seen from the above result, that there was already 
an injurious effect upon the diastatic power by heating at 40°C. 
for a moment, and that when the time for saccharification is 
more than 5 hours showed a tendency to diminish the difference 
between the control and the heated. This result well coincides 
with that of the previous report. 


9 


Result 38. Diastase solution heated at 55°C. for a moment, 
30, and 120 minutes, respectively. 
Volume in ce. of KMnO, solution used for titration 
Time allowed | ———— — = 
| for sacchari- Cc For a moment | For £0 minutes For 120 
Faia ora (Hr) on- = eles 
trol | Hea-| Diffe- | Hea-| Diffe- | Hea- | Diffe- 
= pes ted rence ted rence ted rence 
Diastase 
RAIGIOe aIOKe 0) 0.10 | 0.10 —= 0.10 = 0.10 —_ 
| 
0 0220 10520 — 0.20 — 0.20 — 
r 8.50 | 3.00 | -0.50 | 1.90 | -1.60 | 1.70.|-1.80 
| 
5 5.10 | 4.80 | -0.50 38.10 | -2.C0 2.05 | -3.05 
Diastase 
solution ++ 15 6.05 1 6.C5, | =0.80) WI S50N) —o.Ob elem. =o. 5o. 
starch 
25 €.4001 6.20) |) —0220 3.45 | -2.95 2.60 | -3.80 
50 6.60 | 6.40 | -0.20 3. (0 2290 2.80 | -3.80 
100 6.70 | 6.50) -0.20 4.05 | -2.65 2.90 | -3.80 


The injurious effect on the diastatic power was observed 
even by heating at the so-called optimum temperature 55°C. for 
a moment. The prolongation of time for heating caused more 
injurious effect on the saccharifying power of the enzyme. 

The difference found between the control and the heated 
solution showed an interesting phenomenon, gradually increased 
for a certain time interval and then it gradually diminished. 
This is not only confirmed in this experiment, but also in the 
experiment described in the previous paper. 
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Result 4. Diastase solution heated at 70°C. for a moment, 
5, 15, 30, and 60 minutes, respectively. 
S o Volume in cc. of KMn0O, solution used for titration 
SS —— = = = —— —— = 7 ——o 
doe For a For 5 Hor 15 For 30 For 60 
S-8 moment minutes minutes minutes minutes 
os =! 
G q a) jen Q a0 Q ee Q 0 Q 
Diastase 
solution OSMOSIS a EIKO ee OT CO TON es Oa) 
alone 
0) SISOS sy | SCANS OS Tia) a Overy || = iOypabsy|) = 
1 |3.50/ 1.65 |-1.85) 0.85 |-2. 65] 0.55 |-2.95 0.40 |-8.10) 0. 25 |-8.25 
Diastase 5 4.85) 3.15 —1.70) 2.75 |-2.1C| 2.25 |-2.60) 1.55 |-3.30) 1.30 |-3.55 
solution 15 |5.60) 4.45 |-1.15) 4.35 |-1. 25) 4.30)|-1.50) 4.05 |-1.55) 3.25 |-2.35 
+ starch 25 15.90) 5.00 |-0.90) 4.90 |-1.00| 4.60 |-1.30| 4.35 |-1.55) 3.55 +-2.25 
50 | 6.05| 5.35 |-0.70] 5.25 |-0.80| 4.95 |-1.10| 4.65 -1.40 5.70 -2.35 
100 | 6.30) 6.05 |-0. 25) 5.80 |-0.50| 5.40 |-0.90] 5.C0 |-1.30) 3.95 |-2.35 
In this case we observed almost similar results to those 


obtained in the previous report with respect to the injurious effect 
of heating upon the saccharification of diastase. 


Result 5. 


Diastase solution heated at 85°C. for a moment, 
5, 15, 30, and 60 minutes, respectively. 


Volume in c.c. of KMnO, solution used for titration 


a ea For a For 5 Horwi5 For 80 For 60 
© 6 moment minutes minutes minutes minutes 
28|/ 6 oO w 3) v [0 
Se alee esr cece late ecto oe) Blt eo tees 
oleae ier We eGh col Sele Bile bes clay 
Galt sey) || 9S see fee fae, TS | ser) Sy ashe |) 1S 
Diastase T 
solution 0 10.10/0.10| — |0.10} — |0.10; — |0.10) — |0.10) — 
alone ss 
0 |0.30/0.80} — |0.3 — |0.8 — |0.80} — |0.380} — 
1 13.60/1.25 |-2. 25) 0.85 |-2.75) 0.60 |-8.00/ 0.55 |-3.05 0.40 |-3.20 
Diastase 5 15.001 3.80 |-1. 20] 2.80 |-2. 20] 2.45 |-2.55/1.80 |-3. 20) 1.35 |-3.65 
solution 15 |5.95| 4.80 |-1.15| 4.35 |-1. 60) 3.70 |-2. 25) 3.05 -2.90) 2.65 |-3.30 
+ starch 95 |6.10] 4.95 |-1.15| 4.70 |-1. 40) 3. 90 |-2. 20] 3.30 |-2. 80) 2.80 |-8.30 
50 |16.2015.35 |-0.85| 4.95 |-1. 25] 4.05 |-2.15) 3.50 |-2.70 3.05 |-3.15 
100 16.30) 5.50 |-0.80) 5.20 |-1.10) 4.40 -0 90 3.70 |-2.60, 3.25 |-3.05 
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The action of the diastas 
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Though the action of Koji-diastase in pure form was consi- 


derably weakened by boiling, it was not yet totally destroyed 


even by heating at 100°C. for two hours. 


Result 7. 


Diastase solution heated at 115°C. for a moment, 


5, 15, 80, and 60 minutes, respectively. 


re a Volume in cc. of KMnO, solution used for titration 
Sd Fora | For6 | For15 | For 30 | For 60 
= me) moment minutes minutes minutes minutes 
Boies oe | ee a ge ge | | ere 
TDiastase | | | 
solution 0 |0.10}0.10} — 0.10) — |0.10| — |0.10] — |/0.10} — 
alone H 
0 |0.20/)0.20; — 10.20) — /0.20] — |0.20| — |0.20) — 
1 | 3.50] 0.45 |-3.C5| 0.40 |-3.10) 0.25 |—-2. 25) 0.20 |- 2.30) 0.20 |-3.30 
5 | 4.95 | 2.10 |-2.85] 1.00 |-3. 95, 0.45 |-4.50) 0.20 |-4.75 0.20 -4.75 
Diastase 
solution 15 |5.65 | 2.80 |-2.85] 1.60 |-4.05 0.55 |-5.10} 0. 25 |-5.40/ 0.20 |-5.45 
+ starch 
25 |5.95| 3.10 |-2.85) 1.75 |-4.20 0.€5|-5.380) 0.50 |-5.65, 0.20 |-5.75 
50 |6.10/ 3.50 |-2.60 2.45 |-3.65 0.80 /-5.50) 0.35 |-5.75 0.20 -5.90 
100 | 6.25 | 3.85 |-2.40) 3.15 |-3.10| 1.15 |-5.10) 0.35 |-5.90, 0.20 -6.(5 


The saccharifying action of Koji-diastase in pure form was 
not fully destroyed even by being heated at 115°C. for 30 minutes, 
though the action of Koji-extract was killed at the same tempera- 
ture for the same time interval as proved in the previous report. 
The power of the Koji-diastase was completely lost when the 
period of heating was more than one hour. 
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Result 8. Diastase solution heated at 120°C. for a moment, 
5, 15, 30, and $0 minutes, respectively. 


re a) Volume in cc. of KMnO, solution used for titration 
eo} 
ra For a For 5 For 15 For 3 For 60 
oe moment minutes minutes minutes minutes 
ae g ro 3) as) 3) S 9) 38) o ae) 3) 
Fea lis fc5) @ 3 g 5 Sh eo 2 5 & 5 
aS 3 S 3 te | S | ts 3 t& is bea 
He a B ies a B pees 78 yy oa 
~ Diastase | 
solution 0 |0.10)0.10} — |0.10} — |0.10} — |0.10} —. |0.10}| — 
alone 
~ 0 0.20/0.20) — (0.20) — |0.20) — |0.20) — |0.20) — 
13.50 KOse0e Se 200s 3.20 0.20 |-3.30) 0.20 |-3.80} 0.20|-3.3 
Diastase 5 |4.95| 0.55 |-4.40, 0.50 —4. 66] 0.20 |-4.75! 0.20 |-4. 75] 0.20 |-4.75 
solution 15 |5.65/ 1.00 |-4.6€5' 0.85 75.8 0.25 |-5.40) 0.20 |-5.45) 0.20|-5.45 
+ starch 25 |5.95| 1.45 |-4.50, 0.40 |-5. 55) 0. 25 |-5. 70) 0.25 |-5. 70) 0.20 |-5.75 
50 |6.10] 2.05 |-4.05 0.55 '—5. 55] 0.20 |-5. 80} 0.30 |-5.80) 0.20 |-5.90 
100 | 6.25| 2.35 |-3.90 0.60 5.65] 0.25 |-5.90) 0.8 '-§.95) 0.20 |-6.05 


The above result shows that the power of Koji-diastase in 
pure form was not completely destroyed even by being heated at 
120°C. for 380 minutes. By being heated for 60 minutes it was 
entirely destroyed. 


Result 9. Diastase solution heated at 125°C. for a moment, 
5, 15, and 80 minutes, respectively. 


Time Volume in cc. of KMnQO, solution used for titration 
allowed 
for sac- C For a moment! For 5 minutes |For 15 minutes|/For £0 minutes 
sips On- 
charifica- iol Dit Dik; i - 
tion (Hr) ‘Heated| -7'Y< |Heated| 7" IHeated Seat oe 
2 | : rence rence rence rence 
Diastase 
solution 0 0.10 | 0.10 —- 0.10; — 0.10) = 0.10 — 
alone | | 
Q |} 0.20 | 0.20-) ——1 0:20) |e 0-90 = Osco ghee 
1 3.001) 0225 \=3.25- 0.20 |l=sa8 0.20 |=3.38 0520 —3.80 
Diastase 5 4.95 | 0.50 |-4.45 | 0.20 |-4.75 | 0.20 -4.75 | 0.20 |-4.75 
solution ils 5.65 | 0.80 |-4.85 | 0.20 -5.45 | 0.20 |+-5.45 | 0.20 5.45 
+starch) 55 | 5.05 | 1.05 4.90 | 0.25 |-5.70 | 0.20 -5.75 | 0.20 |-5.75 
50 6.10 | 1.50 |-4.80 | 0.80 |-5.80 | 0.25 -5.85 | 0.20 |-5.90 
100 6.25 | 1.85 |-4.40 | 0.25 |-5.90 | 0.25 +6.00 | 0.20 |-6.05 


oe Ee I 
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Koji-diastase in pure form lost its power completely upon 
being heated at 125°C. for 30 minutes. 


Result 10. Diastase solution heated at 127.5°C. for a moment, 
5, and 15 minutes, respectively. 


c = = = — ee ——— a — 


Volume in cc. of KMn0O, solution used for titration 
Time allowed 
for sacchari- C For a moment | For 5 minutes | For 15 minutes 
fication (Hr) se ae 
trol Diffe- Diffe Diffe 
Heated Heated| ~~ |Heated| ~~ 
| rence rence rence 
Diastase 
BO neal Gee 0 0.10 | 0.10 — 0.10 —_ 0.10 — 
0 0.20 | 0.20 — 0.20 — 0.20 as 
1 3.50 | 0.20 | -3.380 0.20 | -3.3 0.20 | -3.50 
miciace 5 4.95 | 0.20 | -4.75 0.20 | -4.75 0.20 | -4.75 
solution 15 5.65 | 0.25 | -5.40 0.20 | -5.45 0.20 | -5.45 
Ge ae 25 5.95 | 0.80 | -5.65 | 0.25 |-5.70 | 0.20 |-5.75 
50 6.10 | 0-50 | -5.60 0.30 | -5.80 0.20 | -5.90 
100 6.25 | 0.75 | -5.50 0.30 | -5.90 0.25 | -6.00 


The saccharifying power of Koji-diastase was reduced almost » 
to nil by being heated at 127.5°C. for 15 minutes. 


Result 11. Diastase solution heated at 130°C. for a moment, 


5, and 15 minutes, respectively. 


Volume in cc, of KMnO, solution used for titration. 
Time allowed ~ _ = - 
for sacchari- For a moment | For 5 minutes | For 15 minutes 
fication (Hr) | “ooh Ditfe Diffe Die 
Heated oe Heated as Heated oan 
Diastase 7; a 
Sion leak 0 ae 0.10 — 0.10 — 0.10 
0 0.20 | 052 — 0.20); — O:2 — 
3.60 | 0.20 | -3.80 |-0.20 | -8.30 | 0.20 |-3.s0 
- 5 4.90 | 0.20 | -4.70 0.20 | -4.7 0.20 | -4.70 
Diastase 
solution 15 5.65 | 0.25 | -5.40 0.25 | -5.40 0.20 | -5.45 
pees 25 5.95 | 0.30 | -5.65 | 0.25 | -5.70 | 0.20 |-5.75 
50 6.10 | 0.8 -5.75 0.30 | -5.80 0.20 | -5.90 
100 6.20 | 0.40 | -5.80 0.30 | -5.90 0.20 | -6.00 
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The power of diastase in Koji-extract was destroyed comple- 
tely by being heated at 130°C. for 5 minutes as proved in previous 
report, but that of pure diastase was not destroyed totally by being 
heated at the same temperature for the same time interval as seen 
in the above result. It was destroyed at this temperature when 
it ‘was heated for 15 minutes. 


Result 12. Diastase solution heated for a moment at 1385°C., 
137.5°C., 140°C. and 145°C., respectively. 


Time alee in cc. of KMnO, solution used for titration 
allowed 
for sac- IME MB IACA. | INE MSV CNC. At 140°C. At 145°C. 
charifien) Eop Difie | Diffe Diffe Diffe 
: ifte- a = = 
tion (Hr) Heated oes Heated) oe Heated ae Heated abr 
Diastase) 
solution 0 0.10 | 0.10] — | 0.10} — | 0.10} — | 0.10) — 
alone | 
0 0.20 | 0.20! — | 0.20 —_ 0.20 _- 0.20 = 
J 3.50 | 0.20 |-8.30 | 0.20 |-3.30 | 0.20 |-3.30 | 0.20 |-3.30 
5 4.85 | 0.20 |-4.65 | 0.20 |-4.65 | 0.20 |-4.65 | 0.20 |-4.65 
Diastase 
solution 15 5.65 | 0.20 |-5.45 | 0.20 |-5.45 | 0.20 |-5.45 | 0.20 |-5.45 
+ starch 
25 5.95 | 0.25 |-5.70 | 0.20 |-5.75 | 0.20 |-5.75 | 0.20 |-5.75 
50 6.10 | 0.25 -5.85 | 0.25 |-5.85 | 0.20 |-5.90 | 0.20 |-5.90 
100 6.25 | 0.30 |-5.95 | 0.25 |-6.00 | 0.20 |-6.05 | 0.20 |-6.05 


Koji-diastase in pure form was not destroyed yet by being 
heated for a moment even at 187.5°C., while its action was 
completely destroyed at a temperature of 140°C. or over, as in 
the case of Koji-extract observed in the previous report. 

From the above, the results may be summarized as follows: 

The injurious effect upon the saccharifying power of Koji- 
diastase in pure form was not yet observed by heating at 25°C. 
for two hours, but a little injurious effect was observed by heating 
at 40°C. for a moment, and the injury becam2 more pronounced 
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even when we heated it at the so-called optimum temperature 
55°C. for 30 minutes. 

Regarding the lethal temperature of Koji-diastase in pure 
form we had an almost similar result, though there was a slight 
difference, with that obtained in the previous experiment with 
Koji-extract. It was found that the action of Koji-diastase heated 
at 140°C. for a moment was entirely destroyed, and that, even 
when heated for one hour at a temperature lower than 100°C. 
Koji-diastase still retained its action, while it was destroyed by 
being heated-at 115°C: or 120°C. for one hour, 125°C. for 3 


minutes and 130°C. for 15 minutes, respectively. 


B. On RECOVERY AFTER HEATING. 


The sample for this experiment was the same as that used 
in the preceding experiment. After heating at various temperatures 
for various time intervals the sample was kept at room temperature 
for various time intervals as seen in the following tables. 

The method of investigation for the existence and the 
degree of recovery of the saccharifying power was the same as 
that described in the second section of the previous report. 

The time intervals allowed for saccharification were 26 
hours in every case. 

The results obtained were as follows. 


Result 1. Diastase solution heated at 25°C. for 120 minutes. 


Time allowed for Volume in cc. of KMnO, solution used for titration 
standing after 
heating (Hr) Unheated Heated Difference 
0 6.40 6.40 — 
25 ” 6.40 0 
50 ” 6.40 0 
100 oP 6.40 0 
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Note: — 
1. Unheated:—relative saccharifying power of the original diastase 
solution. 
2. WHeated:—relative saccharifying power of the heated diastase solution. 


3. Difference: —difference of saccharifying power found between the 
control and diastase solution which was allowed to stand for various 
time intervals after heating. Difference represents, therefore, an 
existence of recovery of diastatic action and the degree of recovery at 
the same time. 

In this case, there was no weakening influence caused 
by heating upon the diastatic action. Consequently no recovery 


function was observed. 


Result 2. Diastase solution heated at 40°C. for a moment, 
and 120 minutes, respectively 


Volume in cc. of KMnO, solution used for titration 
Geer ac ee = For a moment For 120 minutes 
= ns ? | Unheated —_-- 
Heated Difference | Heated Difference 
0 6.40 6.35 — 6.20 — 
25 °p 6.95 0 6.25 +0.05 
50 $5 6.85. | 0 6.2 40.05 
100 a Gagoe 0 6.25 +0.05 


Recovery of diastatic function was observed a little in the 
case of heating for 120 minutes. 


Result 8. Diastase solution heated at 55°C. for a moment, 
30, and 120 minutes, respectively. 


Volume in cc. of KMnO, solution used for titration 
Time allowed 


for standing after For a moment For 80 minutes | For 120 minutes 
heating (Hr) |Unheated : : : : 
Heaied | CMC tenet Heatewt| ose 
rence rence rence 
0 6.40 6.20 — 3.45 — 2.60 a 
25 ” 6.25 | +0.05 | 3.55 | 40.10} 2.70 | +0.10 
50 ” 6.25 | 40.05 | 3.65 | +0.10| 2.70 | +0.10 
100 5 6.2 +0.05 | 3.55 | +0.10] 2.70 | +0.10 
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In this case, a little difference between the control and the 


heated was observed, but the recovery did not bring the power 


of heated enzyme to that of the original enzyme in the limits of 


used time for standing, as was shown also in previous report. 


Result 4. 


Diastase solution heated at 70°C. for a moment, 


5, 15, 30, and 60 minutes, respectively. 


Volume in cc. of KMnO, solution used for titration 


‘Time 
allowed For a For 5 For 15 For 80 For 60 _ 
for = moment minutes minutes minutes minutes 
standing cs) ame | ae si = is = 
after § ra = = ra ra 
heating z 5 3 H 3 < 5 fe 5 Ss 
ioe Boas she: Heh tie ya age ee aa 
ae a) q Q ee, Q rq a oD a) 
0 OO oie OO] en Ae O10 ee eA OO —nneAestonle | Seals 
25 » |5.05/+0.05 5.00/+0.10 4.80/40.20 4.55 |+ 0.20, 3.80 |+0.25 
50 » |5-05/+0.05 5.00/+0.10) 4.85 |4+0.25 4.60|4+0.25 3.85 |4+0.30 
100 » |5.05)/4+0.05 5.00 |4+0.10) 4.90/4+0.30, 4.65 |4+0.30, 3.95 |4+0.40 


The above result shows that recovery of enzymatic action 


clearly occurred in each of these cases, and the degree of recovery 
increased with the length of time allowed for standing. 


Result 5 


Diastase solution heated at 85°C. for a moment, 


5, 15, 30, and 60 minutes, respectively. 


Volume in cc. of KMnO, solution used for titration. 


Time oe - : : ; ae 
allowed For a For 5 For 15 For 30 For 60 
for = momet minutes “minutes | minutes minutes 
standing Cs | enn a 6 o | 5 aD 
after Ce mili e a I 2, Bea bc, I = S 
heating - 2 5 2 5 © 5 | 2 5 2 5 
(ir) ae 8 | = § | & e | & § | & 
a0 Q a 3 an A an a) em) a) 
Ole. 10/4.96) = |4.70)} so aS 8.30 zg | 9280 

25 » |6.20|+-0.25 5.00/+0.380 Se 3.70 ee 8.10 |+0.30 

50 » |5.25/+0.380 5.10}+0.40, 4.45 40.55 3.790 bi a 3.25 |+0.45 

100 » |5.80/4+0.35 5.15 +0. 45) 4.50 |+-0.60 3.85 |-+0.55, 3.35 +0.55 
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From the result, recovery of enzymatic action was clearly 
observed in each of these cases, especially in the case of heating 


for 15 minutes. 


Result 6. Diastase solution heated at 100°C. for a moment, 
5, 15, 30, and 60 minutes, respectively. 
“ Volume in ce. of KMnO, solution used for titration 
Time 2 ; 
allowed 3 For a For 5 For 15 For 30 For 60 
for ~~ | _moment | minutes minutes minutes minutes 
standing iam ® | o Ss o o 
after orale I es eS 2 =e eS eS Po a 
heating = | © 5 a 5 9 5 2 5 g = 
(Hr) P| § = 5 & 5 = § & § = 
a0) a a) A a a qa ia) a) a 
0 |5.90/5.C0} — |4.50] — |3.50| — |2.70] — |0.85} — 
25 » |5.25|4+0.25 4.75 |+0.25) 3.55 |4+0.10) 2.75 | -+0.05) 0.85 
50 | 4, |5.25/4+0.25 4.80/4+0.30 3.55 |40.20) 2.85 40.15] 0.85 
| 
00 » | 5.25)/+0.25 4.80 +0.30) 3.60 /+0.25 2.90 +0. 20 0.95 !+0.C5 
Recovery in action of the enzyme was also observed in 


this case, and the degree of recovery was increased to the case 
in which the enzyme was heated for 5 minutes, then decreased 


gradually according to increase of time of heating. 


Result 7. Diastase solution heated at 115°C. for a moment, 
5, 15, 30, and 60 minutes, respectively. 
: Volume in ce. of KMnO, solution used for titration 
Time = 
allowed For a For 5 For 15 For $ { For 60 
for s moment minutes minutes minutes minutes 
standing | ©& v Vibe nl hk) ah a v 
after S ha ra = = ro I 
heating e o x 3 2 3 — 3 2 ‘Se 2 
(Hr) 1? eg So Boies Gt ae ee een 
q a) 0) QA a0) Q a0) a) aa) a) 
0 5.96/3.10|] — | 1.75) — _)0.65) — 0.3 — |0.20 — 
25 » | 8.25 |+0.1€) 2.25 |4+0.€0) 0.70 |+0.C5| 0.85 |4+0.05)] 0.20 0 
50 » |8.25/+0.165] 2.25 |+0.60 0.70 |+-0.0C5 0.25 |-+0.05| 0.20 0 
100 » |5.50}+0.2(| 2.385 +0.60 0.70 0.05 0.85 /+0.C5) 0.20 0 
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There was a recovery of enzymatic action still observed in 
the cases heated less than 39 minutes, but not in the case heated 
for one hour. 


Result 8. Diastase solution heated at 120°C. for a moment, 


5, 15, 30, and 60 minutes, respectively. 


‘ Volume in ce. of KMnO, solution used for titration 
Time a as ae we RE Fe es 
allowed For a For 5 For 15 For 3) For 60 
for a moment minutes minutes minutes minutes 
standing ae o Oo Pow 7 vu a oO - he oO 
after § on = na 2 = = 2 2 
heating a © fq S S 3 y © = | % ie 
Gj ere 2 he) eee ee oe ee 
20 a) oe a) ae ‘S Fe A 8 A 
0) 5.95/1.45} — |0.40) — |0.25| — |0.25); — |0.20| — 
25 » |1.60/4+0.15 0.50 |+0.10) 0.20 |+0. 08) 0. 25 CSCO ee: 
50 » | L.65)/4-0.20) 0.50 1-1-0. 1010.30 |-F 0. C50. 25 OPO 20) IO 
1C0 » |1.70|+0.25) 0.50 |-0.10) 0.30 140.05] 0.25 OP FOR20 0 
225 » le 70} 0.25) 0.500.110) 0220) |-4-0.05, 0.25 OSM =C 
1200 » |1.75|+0.30) 0.60 |+0.20) 0.25 |40.10) 0.25 0.20} 0 


In this case, recovery of enzymatic action was still observed 
a little, but was not observed in the cases of heating for more 


than 380 minutes. 


Result 9. Diastase solution heated at 125°C. for a moment, 


5, 15, and 30 minutes, respectively. 


Volume in c.c. of KMnO, solution used for titration. 
Time allowed for 

standing after For a moment|For 5 minutes For 15 minutes/For 50 minutes 

heating (Hr) Unhe- —— 1 Hier Dit Diffe. Difh 
ated | Heated| *7"©- (Heated ™& |Heated| “1° |Heated| 1 
rence rence rence rence 

0 alas Wf ACS — 0.25 —_— 0.20 — 0.20); — 

25 Bis 1.15 |-+0.10} 0.30 |+0.05) 0.20 0 0.20 0 

50 re 1.15 |+0.10) 0.50 |4+0.05) 0.20 0 0.20 0 

100 re 1.20 |+0.15) 0.80 |+0.(5) 0.20 0 0.2 0 

888 % 1.25 |+0.20) 0.40 |+0.15 0.25 |4+0.05) 0.2 0) 
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A recovery of enzymatic action was still observed, but aot 
observed in the case of heating for 80 minutes. 


Result 10. Diastase solution heated at 127.5’°C. for a moment, 
5, and 15 minutes, respectively. 


Ti ul 4d Volume in cc. of KMnQy, solution used for titration 
ime allowed | 


for standing 


sites heated For a moment For 5 minutes For 15 minutes 
Gis) : | Bree Heated Dee Heated Dikie: Heated Diffe- 
rence rence. rence 

0 5.05 0.50 = | G25 = 0.20 “= 

20 if 0.55 | +0.25 | (.25 0 0.20 0 

50 a 0.55 | +0 25 | (25° |) 0.20 0 

100 : 0.55 | +0.25| ¢.50 | +0.C5 | 0.20 0 
888 a | 0.80 | +8 50 Or 40.05 0.20 0 


A recovery of enzymatic action was not observed in the 
case of heating for 15 minutes while a little recovery was observed 
in other cases. 


Result 11. Diastase solution heated at 130°C. for a moment, 
5, and 15 minutes, respectively. 


i ees Volume in cc. of KMnOy, solution used for titration 
fer heating SPR oe Bee For 5 eee For 15 seas. 
ep Heated | VIF& | iteatea | DIRS: | Heatea | Diffe- ; 
0 5.95 0.80 — Q.25 0) = 0.20 — 
a) % 0.3 +0.05 | 0.25 | 0 | 0.2 0 
50 * 0.85 | 40.05 | 0.25 | 0 | 0.20 0 
100 f 0.35 | 40.c5| ¢.25 | 0 | 0.20 0 
225 i 0.40 | +0.10) 0.50 | 40.05) 0.20 0 
270 oe 0.40 | +0.10; 0.30 | +0.(5 | 0.20 0 
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A recovery of enzymatic action was scarcely observed in 
the case of heating for 5 minutes. It was not observed in the 
case of heating for 15 minutes. The result shows almost complete 
similarity to that obtained in the previous experiment with respect 
to a recovery of the action of Koji-extract. 


ORIN 


Result 12. Diastase solution heited for a moment at 135°C., 
137.5°C., 140°C., and 145°C., respectively. 


Volume in ce. of KMnO, solution used for titration 

Time allowed for |- — 

standing after : AN BISES || NE MEDC, |) INE MKC |) Neale, 

heating (Hr) , a 1 Diff Diff i; 

1 eated ,4| Diffe- |, Diffe- | Diffe- |,, Diffe- 
7 Heated ten Heated eee Heated ie ae Heated ta 

0 | Sole 25) — 0.20; —- | 0.20}; — | 0.20) — 

25 ” 25 0 | 0.20 Om 0220 0 | 0.20 0 

50 ” 0.25 0 | 0.20 0 | 0.20 0 | 0.20 0 

1C0 | om» 0.25 OR 02:20 OF} 0220 0 | 0.20 0 

270 ” 0.60 +0.05 0.20 0 | 0.20 0 | 0.20 0 


Koji-diastase in pure form heated at 135°C. for a moment 
scarcely had the power of recovering its action after being heated, 
but in other cases in which the enzyme was heated at 137.5°C., 
140°C., and 145°C. respectively no more recovering action was 
observed. This fact shows that the enzyme solution which has 
been weakened by being heated at a temperature lower than 
lethal has the power of recovering its action, while the enzyme 
destroyed by heating has no power of recovery. 

From the above ,results which coincide well with those 
obtained with Koji-extract, it may be stated that the enzymatic 
power of Koji-diastase in pure form injured by heating at a 
temperature lower than lethal, may recover to some extent by 
preserving it at room temperature. But the diastase heated at 
lethal temperature and having lost its action completely, never re- 


covers its saccharifying power even when preserved for a long time. 
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In previous investigations on the same subject with Koji- 
extract, we assumed that the recovery of enzymatic action after 
heating, is caused by the recovery of action by the weakened 
enzyme, but not caused by the production of new enzyme from 
the mother substance present in the extract. This assumption is 
based on the fact that the temperature at which the enzyme is 
totally destroyed and at which the recovery ceases, strictly coin- 
cides. In this experiment we observed another fact which 
emphasizes our above assumption. The heating of diastatic 
solution caused the coagulation of protein like substance in a 
turbid state reducing its action greatly according to the degree 
of turbidity while the coagulum was dissolved gradually and a 
recovery of its action occurred gradually during the preservation 
of the solution. 

Further investigations on this relation between turbidity and 
the power of the enzyme solution will be reported elsewhere in 


future. 
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Blood serum is an emulsoid which is composed of the poly- 
phases of fibrinogen, globulin, albumin and of lipoids. The disper- 
sity and the surface tension of the colloidal system are governed 
by the presence of the small quantity of mineral salts which 
correspond to one tenth of the colloid contents. 

The study on the dispersity of blood serum is very important 
in serological research, as we believe the ,, Traube’s theory ” 
i.e. the neutrality of toxin-antitoxin is conceived as a process of 
the colloidal aggregation, which is caused by the adsorption pheno- 
menon. So the specificity of the immune reaction is not caused 
by the presence of the definite chemical haptophore group but de- 
pends upon the definite condition of surface tension, cohesion and 
electric charge which are caused by the action of antigen (Dold 
1922). Eisler (1923) proved that the dispersity of protein solution 
which bears an antibody is decreased by the addition of precipitin 
(refer Kraus and Pribram’s report 1905). The so called Zam- 
mittest (Ascoli 1921) is the agglutination of micrococcus melitensis 
in milk. Therefore the dispersity and the surface tension of milk 
are changed by the addition of bacillus emulsion whereas the 
surface of a capillar is raised. The higher sensibility of Sachs- 
Georgi’s test (used for the control of the Wassermann’s 
reaction) is caused by the change of surface tension of alcohol 
extract in the presence of cholesterine (Epstein and Paul 1921). 
Ascoli and Izar’s Meiostagmin reaction (1910) is the detection 
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by means of a stalagmometer of the reduced surface tension 
which is caused by the mixing of antigen and antibody. From 
these facts, it is easily understood that the determination of the 
dispersity and of the surface tension of blood serum has a great 
importance in serological study. 

Until now the reports concerning this problem have been 
very scarce and I refer only briefly to them. Erdmann (1913) 
examined the surface tension of blood serum with his modified pipette 
which is an improvement on Traube’s stalagmometer (1910). 
He stated that a small amount of acid causes a pronounced change 
of surface tension of blood serum and proves Bertolini’s experi- 
ment (1910) on syphilitic and non syphilitic serum. Recently 
Lewis (1922) examined the ultraviolet absorption spectra of blood 
serum and stated that the absorption curve of pseudoglobulin is 
always constant and that of euglobulin differs from the former. 
The author (1920) distinguished the ultraviolet absorption spectra 
between the normal and the immune serum and also found (1922) 
that their absorptions in the same part of spectra are reversed 
by the antagonistic action of inorganic salts. Notiy (1922) 
reported on the surface equilibrium of blood serum and he gives 
many results on the restoration of the surface tension of serum, 
after a lowering caused by an addition of a surface acting subs- 
tance. The author (1923) found the antagonistic action between 
salts on the surface tension of blood serum. Here we again 
undertook the following investigation on the dispersity and the 
surface tension of blood serum. 

In the following experiments, we determined the dispersity 
of serum, comparing its ultraviolet absorption spectra by the use 
of a quartz spectroscope (I.D. 15 made by Adam Hilgard Co. 
in London). An electric spark of John’s electrode and a hydro- 
gen capillary tube were used as a source of light, discharging an 
alternating high voltage current obtained from a transformer. All 
photographs were taken through the same thickness of serum 
with the same ratio of light intensity using a photometer. Next 
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the surface tension of blood serum was determined in a constant 
temperature by the use of Noiiy’s apparatus (1919). The prin- 
ciple of this apparatus is based upon the fact that a metal 
ring adheres to the surface of the liquid and the torsion of 
the wire is used to counteract the tension of the liquid film and 
to break it; thus it is simply a torsion balance. As the force on 
the wire in case of water is only 75 dynes per sq.cm., we can 
assume that, within this limit the strain on the wire is proportional 
to the angle of torsion. All samples of serum used in my experi- 
ments were prepared from fresh blood and kept in an ice chest 
for few days. The samples of the surface tension experiment 
were treated 80 minutes at 58°C. and their surface tension was 
fixed, i.e. it is the so called “ static surface tension”’. 


I. Tue Dispersiry or BLtoop SERUM. 


rt. Differences of ultraviolet-absorption spectra 
between rabbit-, dog- and horse-serum. 


The blood serum preserved in an ice chamber was diluted 
with 0.85% NaCl solution, according to one of the following tables 
and photographed with Wratten and Wainwright “M” plate in 
6 minutes exposure with a hydrogen tube (Tadokoro 1922). 
The results of the following table were the average numbers of 
the wave length of the boundary lines of the absorption bands in 
each 5-10 plates and the following differences were observed. 


‘RABICEa de 

Concen- The wave length of the boundary line of the absorption band 
tration of — ——__— ———_—— a en Le — 

serum Horse serum Dog serum Rabbit serum 

Original conc. |4750-4250-3825-3120 | — 5800 — = =| =~ = — 
1/2 Conc. — — — 3070) — 5350-4$C5-4200 — | 5800-5100-4500 
5 | 5740-5405-4320 
1/4 Conc. — — — 8080 |4080-3952-3301-3105-3005 ~3905-3500-3100 
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paee The wave length of the boundary line of the absorption band 
Avion oh. —<—=—— aia S= — = 5 
serum | Horse serum | Dog serum Rabbit serum 

tjeCone. | — — -=. S010] =” = == 2 S001) aa50- sode=anon 
T/06: Conn. | ea: x = cong | — — — — 2990) 4060-3950-2850 
1/32 Con. | — — — 2995|— — 2820-2625-2485| 2770-2700-2490 
1/04 Denes | — 2900 260022408 | an = eeigasoe) enemies 
1/128 Cone. | — 2990-2650-2480 | AS 0 ee eee 
1/256 Cone. | — 2860-2750-2480|_- _— — 2479 —| — — 2465 


From the above results, each typical curve was traced in a 
coordinate system, taking the wave length in the abscissa and the 
concentration of serum in the ordinate and the following curves 
were obtained as shown in fig. 1. 


4500 4000 3508, 3000 2500 


The results of the above table and of the figure show the 
clear differences of ultraviolet absorption spectra between rabbit-, 


———————— mx — 
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dog- and horse-serum. This difference is not only the form of 
absorption curve but the absorption capacity in different concent- 
ration of serum, i.e. in part of A 3000-2500 py, the absorption 
band of rabbit serum becoming extinct in 1/32 dilution while that 
of dog serum remained unchanged and the absorption band of 
horse serum was observed until ca. 1/256 dilution of original serum. 


2. Change of ultraviolet-absorption spectra of human 
blocd serum in menstruation. 


The blood serum preserved in an ice chamber was diluted 
to 1/100 with 0.85% NaCl solution and photographed with 
Shumann’s special sensitive plate by the following different expo- 
sures and through the different thicknesses of liquid. The results 
of the following table are the average number of the wave lengths 
of the boundary line of the absorption band in the following 
samples, i.e. samples collected from different periods of the same 
4 persons (before and after) 9 persons (before) and 4 persons 
(after), the total sum of samples corresponds to 13 (before) and 


8 (after menstruation). 


TVABOE Ue 


| Expos- | The wave length of the boundary line of the absorption band 


ef call | eure Before menstruation (the same result After menstruation 
minutes | “was obtained 1 week after menst.} | (2-8 days after menst.) 

10 mm 4 2445 — — | 2380 — — 
10 mm 3 2449 — — | 2410-2560 — 
10 mm 3 2450-2570-2880 2420-2560-2850 
10 mm 33 2480-2550-2905 2440-2550-2870 
10 mm 2 2472-2505-2945 | 2448-25382-2899 
10 mm 2 — -—— 2965 2463-251 9-2925 
{0 mn 2 — — 2981 2472-2502-2982 
10 mm 1 — — 2995 2481-2492-3013 
10 mm i — — 8012 — — 8a3ll 
40 mm 4 — — 8201 — — 8425 
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Tickness| EXP°S- The wave length of the boundary line of the absorption band 

of cell a Before menstruation (the same result After menstruation 
minutes was obtained 1 week after menst.) | (2-3 days after menst.) 

40 mm 3 — — 8250 — — £6501 

40 mm ay — — 8850 — — 2501 

40 mm 3 — — 8411 — — £558 

40 mm 2 — — 38492 — — e661 

40 mm 2 — — 26856 — — 25€5 

40 mm 2 — — 2565 — — £565 

40 mm 1 — — 8565 — — €5¢5 


From the above results, each typical curve was traced in 
a coordinate system, taking the wave length on the abscissa and 
the exposure in the ordinate and the following curves were obtai- 
ned as shown in fig. 2. 


“o/ 
10/3 
19/3 
173 
40/2 
172 
fof 2 
19 ¢ 
fo 1 
VY ¢ 
47/3 
4/3 
4/3 
4/2 
44/2 
49/2 


5000 2500 2800 2706 2609 2500 2400 


The results of the above table and of the figure show the 
difference of the ultraviolet absorption spectra before and after 
menstruation. Immediately cessation of menstruation, the absorp- 
tion band in A 2600-2400 wu part grows wide and deep and in 
2 2850 pp part becomes irregular. But after one week of cessa- 
tion of mentruation, this change is no longer observed and the 
absorption band coincides with that of before menstruation. 
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I]. Tue Surrace Tension or Biroop SErum. 


3. Difference of the surface tension between rat-, 
rabbit-, sheep-, horse- and human-serum. 


0.5 cc. of blood serum, preserved in an ice chamber (0-7.0°C) 
were taken on a dried watch glass and its surface tension was 
measured with Nouy’s apparatus at 20°C. The following numbers 
express dynes per sq. cm. (Hz,0=75 dynes/sq. cm.) and each result 
is an average of many samples. 


RAB ISEs ur 


Name of | 


ee Numbers of experiments | Type A | Type B| Type C| Type D 
Iforse From No. 1 to No. 8 (average) ' 61.8 62.5 — 
Sheep | From No. 1 to No. 3 ‘ | — — | 62.7 — 
Rabbit | From No. 1 to No.3, Bost ey Biles. |) C2, 7 — 
Rat From No. 1 to No. 2 . i asthe — | 62.7 | — 
Human | From No. 1 to No. 28 my 59.1 | 61.8 | 6250 ihe 


From the above results, no difference was observed between 
the different kinds of animals, but there are many different types 


in the same kind of animal. 


4. Change of the surface tension of human 
serum tn menstruation. 


Some samples were collected during three different period 
of menstruation (before, middle and after) from the same person 
and other samples from different persons. 


EPAVBILE, EV. 


Name of The same | Before During After Long after 
sample {person or not | menstruation | menstruation | menstruation | menstruation 
se The same 
1B AS | F = 63.0 = 62.7 
person 
poi | The same at ye Rae Pe 
Y.-B: 62.7 62.8 d9.0 62.7 
person | 
— (Average | Not the same! 62.7 
of = as = 
of 4) person | 
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The above results show the irregular change of surface 


tension during and after menstruation. 


5. Difference of the surface tension of serum 
between woman and man. 


TABLE, Y- 
~~ Woman or man. lime wo po ah eee an ; Es ae ee . : i 
ype f Type B Dype € Type D 
Number of person. Type A | ages | YAS I 
Man 18 persons | 59.1 | 61.8 62.7 | Dicer! 
| 
Woman 11 persons | 59.1 | 61.8 62. | = 


From the above result, there is no difference between woman 
and man serum, though in both kinds of serum, the same different 


types were observed. 


RESUME. 


1) On the ultraviolet absorption spectra of blood serum, a 
ereat difference was observed in different kinds of animals and it 
is not only the form of absorption curve but also in its absorption 
capacity. 

2) On the ultraviolet absorption spectra of woman serum, 
an irregular change was observed immediately after cessation of 
menstruation and after one week return to normal condition. 

5) On the surface tension of blood serum, no difference was 
observed between the different kinds of animal, but there are 
different types of the same kind of animal. 

4) On the surface tension of woman serum, an irregular 
change was observed midway and immediately after cessation of 
menstruation. 

5) On the surface tension of blood serum, there was no 
difference between woman and man, but in both kinds of serum 
the same different type was observed. 
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UBER DEN EINFLUSS DER EIWEISS- 
FETTDIAT AUF DEN KOHLEN- 
HYDRATSTOFFWECHSEL. 

IV. Mitteilung. 

VON 
NAOMI KAGEURA. 

(dus der medizinischen Klinik von Prof. Dr. Ryohkichi Inada, 

Kaiserliche Universitit 2 Tokyo ) 


(Eingegangen am 2]. Juli, 1923.) 


In den vorangehenden Arbeiten habe ich mitgeteilt, dass 
kohlenhydratarme Diat, welche wesentlich aus Eiweiss und Fett 
besteht, die Assimilationskraft fir Kohlenhydrat beim Menschen 
wie beim Hunde deutlich herabsetzt, was durch Kohlehydratzusatz 
zur Nahrung sofort beseitigt wird (I. Mitteil.). Dabei habe ich 
auch gefunden, dass Kohlenhydrat und Etweiss resp. Fett 
gegeneinander in Bezug auf die Zuckerassimilation sozusagen 
antagonistisch wirken (II. Mitteil.). Nun sol! gefragt werden, wie 
solche Erscheinungen zustande kommen. Die <Azidosis scheint 
hier keine besondere Rolle zu spielen (III. Mitteil.). Dic eigentliche 
Ursache dieser Erscheinungen muss also nach anderer Richtung 
hingesucht werden. In diese Frage tiefer cinzudringen, habe ich 
auf Anraten und unter der Leitung von Herren Proff. R. Inada 
und K. Sakaguchi die Glykogenbildung in der Leber an kohlen- 
hydratreich resp. -arm genahrten Hunden vergleichend untersucht, 
indem ich dabei die Leber mit dem Blute von demselben Tiere 


unter Zusatz von reichlich Traubenzucker kitnstlich durchblutete. 


ERSTE VERSUCHSREIHE. 


Sechs kohlenhydratreich genahrte Hunde, deren Assimilations- 


kraft ftir Zucker vorher bei Untersuchung alimentarer Hyper- 


¢ 
Re 
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glykamie (nach Verabreichung von 50 g Traubenzucker in 200 ccm 
Wasser) sich normal zeigte, wurden 20 Stunden nach der letzten 
Nahrungsaufnahme unter Morphiumnarkose moglichst weitgehend 
entblutet. Dann wurde die Leber vollends rasch herausgenommen 
und gewogen. Ein Lappchen davon (22-46 g) diente als Kontrolle 
zu direkter Bestimmung des Glykogengehaltes. Der  ubrige 
Hauptanteil der Leber wurde an den Durchblutungsapparat von 
Yamakawa mit Mizukis Pumpe angeschlossen. Durch sie 
wurde das von demselben Tiere gewonnene defibrinierte Blut 
getrieben, welches mit gleichem Teile von einer Flissigkeit 
verdiinnt war, die nach Vorschlag Barrenscheens aus # Teilen © 
einer Losung (NaCl 0.9%, CaCl, 0.024%, KCl 0.042%, NaHCO, 
0.03%, Traubenzucker 0.08) und + Teil von 20% Traubenzucker- 
losung bestand. Nach einstindiger Durchblutung wurde der 
Glykogengehalt der Leber wieder mit Mori-Iwasakis Methode 
bestimmt. Die einzelnen Daten sind in einer Tabelle ubersichtlich 


zusammengestellt. 


TABELLE 1. 


Glykogengehalt 
ea d. Leber yy Zunahme 
(g (2%) g) —$—__——__ 
- | (g) (%) 
vor d. Durchblut. 524 0.52 Dele 
i 
nach, =, “ 900 0.67 6.08 Sa3| 122 
_ i es (UG Es 
vor A a 338 0.72 2.43 
4 
machines ‘A 510 0.94 4.79 2526 97 
y : (1.42) 
yor 55. FP 3595 0.70 Dinh 
nach ,, * 625 1.04 \ 6.50 Salo 183 
(1.65) 
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| Glykogengehalt 
New | Gewicht * = aes = ia 
Piacen | d. Leber | | Zunahme 
(g) | (2%) _ @) We aon R= ee 
. | (g) %) 
/ vor 3 7 479 0.67 Se21 
nach ,, SCO 7 9506 6.15 192 
7 : =. Gl! -5) 
yor ss 7S 54 0.42 et es 
5 
nach ,, ‘ 860 0.57 4.90 el ay 110 
‘a 7 (0.88) 
yor = a 702 0.72 5.05 
6 
nach ,, » 1160 0.94 10.90 5.89 116 
a (1.55) 


** Die eingeklammerte Zahl zeigt den auf das Lebergewicht vor der Durch- 
blutung umgerechneten Wert. 
*Tlier ist nicht das totale Lebergewicht, sondern nur das Gewicht des zur 


Durehblutung genommenen Leberanteils angegeben. 


Die Tabelle zeigt, dass das Leberglykogen bei kohlenhydrat- 
reich genahrten Hunden bei Durchblutungsversuchen, welche unter 
den oben geschilderten Bedingungen ausgefihrt wurden, deutlich 
zunimmt. Bei meinen Untersuchungen an sechs Hunden war der 
Glykogengehalt der Leber vor der Durchblutung 0.42-0.72  Proz. 


und danach 0.88-1.95 Proz. Seine Zunahme betrug 97-192 Proz. 


c 


ZWEIVE VERSUCHSREIHE. 


An sechs Hunden wurde zuerst durch Untersuchung der 
alimentaren Hyperglykamie bestatigt, dass zweitagige Eiweiss- 
Fettdiat sicher eine deutliche Herabsetzung der Assimilationsfahig- 
keit fiir _Kohlenhydrat nach sich zieht. Hierauf habe ich die Tiere 
wieder zwei Tage lang mit derselben Kost gefiittert. Nun-wurden 
sie nach 20-stiindigem Fasten getotet und die Durchblutung ganz 
in gleicher Weise wie bei vorangehenden Versuchen ausgefthrt. 
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TABELLE. II. 


Glykogengehalt 
Nr. d. Gewicht* | Zanahme 
Hundes dy eeber Bs he 
(g) (@) (g) 
4 | nee) (2%) 
Seen eee me 
vor d. Durchhlut. | 380 (Deli 1.98 
i | 0 oo ily 
mach 5 7 625 0.37 Niele || 
COREG) a 
vor rn a | 270 t 0.55 1.49 | 
8 1.01 | 68 
nach 3. & 480 ORES i E58) | 
| (0.92) | 
| | 
vor Me a | 256 0.67 Ve Fie 
9 | 1.03 60 
TACHI wey 3 AIT 0.66 ais 
(09); | — 
yor ‘i 3 | AQT 0.47 1.91 
10 | | 0.43 23 
nach ,, 5 650 0.36 Pay | 
| (0.57) | 
vor 5 ip 40: O.540 jp enc 
U1 | | 0.61 | 26 
ahve “ 67 0.44 | 295 
: (0.68) 
~ VOL® |) 45 a DEG. ale Oe 46 ocd 
12 | 0.78 61 
mack +; Ms | 500 0.41 2.05 
(0.75) 


* ** Die Fussnoten in der Tabelle T. gelten auch fiir hier. 


Aus der Tabelle ersieht man, dass die Zunahme des Leber- 
glykogens nach der Durchblutung bei kohlenhydratarm genahrten 
Hunden relativ unbedeutend ist. Vor der Durchblutung betrug 
der Glykogengehalt der Leber 0.46-0.67 Proz. und nach der 


Durchblutung 0.61-1.09 Proz. Die relative Zunahme betragt hier 
nur 17-67 Proz. 
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ZUSAMMENFASSUNG. 


1. Wenn das Tier nach 20-stiindigem Fasten getétet wird, 
so zeigt der Glykogengehalt der Leber bei kohlenhydratreich wie 
-arm genahrten Hunden einen fast gleichen Wert, namlich bei 
jenen 0.42—-0.72 Proz. und bei diesen 0.46-0.67 Proz. 

2. Bei Durchblutungsversuchen wurde der Glykogenansatz 
der Leber bei kohlenhydratreich genahrten Hunden sehr auffallend 
(97-192 Proz.), aber bei den mit Eiweiss-Fettdiat gefiitterten nur 
unbedeutend (17-67 Proz.) gefunden. 

5. Diese Herabsetzung der Glykogenbildung in der Leber 
soll fir die Beeintrachtigung der Zuckerassimilation durch Fivweiss- 


Fettdiat sicher ein atiologisches Moment darstellen. 
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Tokyo Imperial University. Director: Prof. S. Kakiuchi.) 


(Received for publication, July 28, 1923.) 


It is often reported that there is always a trace of metals, 
such as iron, magnesium or others, contained in enzymes which 
act catalytically or oxidatively. The significance of the presence 
of metal is implicitly recognized by many authors. The mode of 
action is, however, still not clear. Moreover, the relation between 
catalas and peroxidase in the onxidative activity of cells has to 
be examined. 

3 In view of getting some insight in this matter, the present 
work was undertaken and its result is given in the following 


pages. 
I, MATERIAL AND MErHop. 
A. Material. 
1. Flydrogen peroxide. 


Hydrogen peroxide used for my experiments was partly the 
pre-war samples of Merck and partly obtained from Sankyo. 
The preparation obtained from Merck after the war was found 
too impure to be used and it was only through the kindness of 
Sankyo Co., that I was able to prepare a pure sample of it 
without any contamination of impurities. Just previous to its use, 
it was brought to the acidity pH=5 by adding N/100 NaOH 
using Clark’s indicator method and diluted with distilled water 


to the wanted concentration. 
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2. Test-tube and flask. 


A number of test-tubes of ordinary soft glass, Nakano’s and 
Jena’s were steeped in crude concentrated hydrochloric acid ‘for 
two days, washed with tap water and finally rinsed with distilled 
water. To each of them were added 5cc. of 0.05% fuchsine 
solution and 5 drops of 20% hydrogen peroxide (Merck). 

The mixture was then boiled on the flame of Bunsen’s 
burner for a minute and left overnight. In test-tubes of soft glass 
the colour became faint markedly, while in Jena’s and Nakano’s 
glasses only a little fading of colour was observed. Even when 
the glasses were steeped in crude concentrated hydrochloric acid 
and nitric acid successively, a week for each, or boiled in the 
same solution two days for each, the fading of colour did not 
improve much. It must be, therefore, concluded that this fading 
away of colour is not much due to the impurity of the glass and 
is entirely owing to the action of hydrogen peroxide upon fuchsine. 
This relation has been studied lately by Karczag (1922). 

In all of the following experiments, I have used glass ware 
of all sorts made of Nakano’s hard glass after treating them with 
hydrochloric acid for two days. 


B. Method. 


t. Lhe determination of hydrogen peroxide 
and its decomposition. 


The hydrogen peroxide which remained after its decompo- 
sition was determined either by means of titration or by volumetric 
estimation in the presence of sulphuric acid with 1/10 normal 
potassium permanganate solution. If there is, however, any organic 
matter as fuchsine, alcohol, or albumin etc., present, it may give 
us an incorrect value, and it becomes necessary to correct it with 
a blind test by letting potassium permanganate act on the same 
amount of organic substances in question. 


Che volume of oxygen which was evolved from hydrogen 
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peroxide by the catalase activity was measured volumetrically. 
An apparatus was devised which enabled me to measure a 
minute amount of oxygen produced by the decomposition of 
hydrogen peroxide. To avoid any error caused by the chance 
moment the control test was always performed, in which the same 


amount of water was used instead of the reagent considered. 
2. Apparatus for gas-volumetric actermination. 


a. The apparatus. The apparatus used in my experiments 
for the determination of gas volume is the one modified from 
Gaffcken’s apparatus and is shown in the figure. It consists of 
50 cc. decomposition flask (P), three 5 cc. burettes (A. B.C.), a 
thermometer (T), three measuring tubes for £0 cc. (D) 10 cc. (I) 
2.5 cc. (F) each, a levelling tube (N) and the mercury reservoir 
(M). D and E have four bulbs, each of exactly 5 cc. or 2.5 cc. 
volume, and mercury in them can be raised or drained off by 
raising or lowering the reservoir M after the connection is made 
between M by means of the cock d or e: all are connected 
together as shown in the figure. 

b. The method of determining the gas volume. At first all 
cocks are opened, and the air in the measuring tube is driven off 
by raising the reservoir M until the mercury rises in the capillary 
up to the cocks d, e, f and 7. Then the cocks are closed, M is 
lowered and the air when occulted in the mercury and adhering 
on the wall of the tubes and India rubber tube, accumulates at 
the top of each tube. This is driven out again as before. The 
procedure is repeated until no more air appears. 

The reagents are measured into the flask P and the whole 
apparatus is placed in a thermostat at 80°C. When the tempe- 
rature attained 30°C, the cocks ad, e, f and x are opened and M is 
raised until the mercury rises in the capillary of the measuring tubes 
D, E and F up. to the mark O. Then the cocks d, e and ¢ 
are closed and after 5 minutes M is adjusted so as the mercury 
of the tubes F and N are levelled, and its height in F is read 
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(V’). Then the cocks @ and ¢ are opened, M is lowered and 
the reagents in the burettes (A. B.) are allowed to run into the 
flask P. After a definite interval, the reaction is checked by 
addition of a necessary amount of sulphuric acid from the burette 
C and the flask P is shaken slowly for 5 minutes. The height 
of the mercury in D and E is suitably adjusted by controlling 
M according to the volume of the reagent added and the gas 
evolved and cocks d@ and ¢ are closed. M is raised or lowered 
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until the mercury of the tubes F and N stands at the same level 
and its position in the tube F is read (V). Then the difference 
V-V’ is the gas which is evolved. The volume of the measured 


gas is reduced to 0°C and 760 mm. pressure. 


Il. Caratyric AND OxipATIVE ACTIVITY 
or Heavy Mertrat SArts. 


A. Catalytic activity of heavy metal salts. 


It has been worked out by Bohnson (1912) and Duclaux 
(1922) that the decomposition of hydrogen peroxide by iron salt 
belongs to the mono-molecular reaction and the velocity of reaction 
is proportional to the concentration of iron ion, and that the 
ferric and ferrous ion are both active. In the following experi- 
ments I have examined many factors regarding the catalytic 


activity of metallic ion on hydrogen peronide. 


Lixperiment 1. Catalytic decomposition of hydrogen 
peroaule by salt of heavy metals. 


To 4cc. of 0.75% H,O, (pH=5) in a number of Erlen- 
meyer flasks was added I cc. of varying concentration of freshly 
prepared solution, such as FeCl, CoCl,, NiCl,,. CuCl, HgCl,, 
SbCl,, ZnCl, Pb(NO,),, AuCl, and PtCl,, and the flasks were 
placed in a thermostat at 380°C. At the definite intervals, as 
mentioned below, the reaction was checked by the addition of 
5 cc. of H,SO, (1:4). 2ec. of the mixture were pipetted out 
into an Erlenmeyer flask, diluted with distilled water and the 
amount of H,O, was titrated with N/10 KMnO,. The result is 


shown in the following table. 
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TABLE, es 


Iron chloride. 


~~ {| Amount of HO, present (expressed in terms of cc of N/10 
Conc, of KMnO, used) after the lapse of 


rel, ‘ 
3 16m>-| 30x. | ae | th. | 1.5h. | 2h. | 2.5b. | eh. 
een a : 

0 §©6| 8.66 | | 3.66 
M/6400 3.59 3.59 3.59 | 3.58 
M/3200 | | 3.54 3.51 | 3.45 3.4 
M/1600 | | 3.3 | ee | 2.98 2.81 


M/800 2. 


or 
ae 
) 


18 200) | Messe wel Gs 1.48 1.338 1.23 


M/400 .85 | 0.59 | 0.425 


| 
M/200 | 


0 
0.16 | 0.075 
0.07 | 0.03 | 
0 


05 0.08 | 


| 


| 

| 

0 

| 

M/100 | 0.235 | 
| 

0 | 

| 


M/50 | 
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Copper chloride. 


Amount of H,O, present (expressed in terms of cc. of N/10 KMnO, 


Cone. of a Ss used) after the lapse of 22 
ae | 30m. | — dh. | {bh | oh. 2.5h. sh. 
0 | 3.56 | 3.56 
1/6400 BB 3.44 
1/3200 3.4 | 3.83 
M1600 | s.1 | 2.73 
myjsco. | 8.2 2.82 8.84 2.18 
M/400 | 3.0 2.45 | 1.9 L 6s 
M/200 | O15 2.0 1.64 | 1.375 1.0 
woo o.9 1.82 é.jaale eee 0.47 0.37 
M/50 1.9 pA 0.57 | 0.29 0.16 0.11 
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Salt of other heavy metals. 


Amount of H,O, present (expressed in terms of cc. 
4 of N/10 KMn0O, used) after the lapse of 
Kind of salt sol. — ———— $n 


0 ine 2h. Sh. 
pei ee ee 

0 8.65 3.65 

M/50 CoCl, | 3.54 3.23 | 3.04 2.72 
M/50 NiCl, 3.57 3.52 | 38.62 3.51 
M/50 Pb (NOs), | 3.6 Gh || 826 3.6 
M/50. ZnCl, | 8.58 3.58 | 3.58 3.56 
M/50 HeCl, 3.58 8.56 3.56 3.56 
M/100 AuCl, |} 3.59 | 8.26 3.26 3.26 
M/50 AuCl, | | 3.48 | 3.45 3.48 
M/50 PtCl, 3.52 s.22 | 3.02 2.92 
M/50 SbCl, 3.45 gael |. acd 3.44 


As the table shows, iron chloride is the most active, copper 
chloride the second, and the others are all feeble in activity under 
such conditions as the above. 

It is also quite noticeable that while the iron chloride, more 
concentrated than 1/800 mol, is stronger in its activity than the 
copper salt solution of the same concentration, it is much weaker 
than the copper salt solution in the case of the lower concentration. 
This is probably due to the stronger hydrolysis of iron salt in 


these weak concentrations than those of copper salt. 


Experiment 2. The comparison of activity of freshly 
prepared and old iron chloride solution. 


It seems to be conceivable from the fact of the above 
experiments that the activity of iron salt solution must decrease 


during the course of many days of preservation owing to the 
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increase of hydrolysis. That this is really the case will be seen 
from the following experiment. 

To 4cc. of 0.75% H,O, 1cc. of freshly prepared or old 
M/200 FeCl, solution was added and kept in a thermostat at 
30°C. After the lapse of 1, 2 and 3 hours 5cc. of H,SO, (1: 4) 
were added to check the reaction. 2cc. of the mixture were 
then pipetted out, diluted with distilled water, and the amout of 
H,O, was titrated with N/10 KMnO,. 


The result is given in the following table. 


TABLE IV. 


“Amount of H,O, present (expressed in terms of cc. of N/10 


Age of FeCl, _ KMn0O, used) after the lapse of 
solution | 0 vane | oh. Sh. 
day | J 

fresh 3.62 2.85 2.5 2.24 
2 2.99 2.62 2.3 

3 3.05 2.75 2.5 

4 53.16 2.89 2.7 

5 3.16 2.91 2.72 

6 3.28 3.08 2.81 

7 3.82 3.06 2.89 

8 3.46 3.4 3.18 

9 3.51 3.48 3.38 


Experiment 3. The influence of hydrogen ton concentration. 


The influence of the reaction of the system also reveals to 
us that the concentration of metallic ion is the important factor of 
the activity. This is shown in the following experiments. 

0.75% hydrogen peroxide solution with the definite value 
pH=3, "4, 5, 6; 7, 8, 9 and 10 were prepared from hydrochloric 
acid and sodium hydroxide controlled by Clark’s indicator method. 
To 4cc. of each of such solutions 1cc. of FeCl, solution of 
varying concentrations was added. At the definite intervals, as 
mentioned below, the reaction was checked by the addition of 
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Sec. of H,SO, (1:4). 2cc. of the mixture were then pipetted 
out into an Erlenmeyer flask, diluted with distilled water, and the 
amount of H,O, was titrated with N/10 KMnO,. 

The results are given in the following tables. 


TABLES Vi: 


Iendeone. of FeCl,=M/400. Room temp. 31°C. 
Initial conc. of H.O, corresponds to 3,65 cc. of NAO ee used. 


| ‘Amount of Hy( 5 present . expressed in terms of cc. 
| of N/10 KMn¢ ), used) after the lapse of 


pH value of HO, added | 


| 30m. | Th. 
3 | 0.55 0.2 
4 0.98 0.49 
5 1.02 0.52 
6 1.05 0.55 
i 1.238 0.68 
8 | 1.24 0.69 
9 | 1.25 0.71 
10 | 129 0.7 


CVASB ITE Vile 


Endconc. of FeCl, M/800. Room temp. 31°C. 
Initial conc. of H,O, corresponds to 3.65 cc. of N/10 KMnQO, used. 


“Amount of Os present “(expressed i in terms of cc. of “N/10- 
pH value of H,O, | __ KMnO, used) after the lapse of ee. 
as 1h. 2h. sh 
3 0.88 0.45 0.25 
4 1.96 ale 1.14 
5 2.00 1.59 1.24 
6 2.2 1.88 1.52 
7 2.30 2.15 1.83 
8 2.8 2.15 | 1.83 
9 2.46 2.24 | 1.95 
10 2.50 2.27 | 1.99 


The same experiment was performed with copper chloride. 
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TABLE Vii 


Endcone. of CuCl, M/400. Room temp. 30°C. 
Initial concentration of H,O, corresponds to 8.65 cc. of N/10 KMnO, used. 


“| Amount of H,O, present (expressed in terms of cc. of N/10 
pH value of H,O, |__| —___KMn0O, used) after the lapse of 
adcen | Th. 2h 3h. 
4 2.5 2.08 ine: 
5 2.5 2.08 1.76 
6 2.53 2.08 1.78 
a 2.56" 2.14 1.85 
$ 2.56 2.17 1.84 
9 2.56 2.19 1.88 
10 2.61 2.26 1.95 


B. Oxidative activity of heavy metal salts. 


Karczag (1921) studied the decolorizing effect of hydrogen 
peroxide on the dilute solution of many organic pigments in the 
presence of salt of heavy metal, and came to the conclusion that 
iron acts as the “cold oxidizer,” while copper and manganese 
belong to the ‘“ heat-oxidizers.”” The former can decolorize the 
dyes in the cold state, whereas copper acts more slowly in the 
cold, but acts best when heat is applied. He classified nickel 
and platinum, as the third group, in which the decolorizing 
activity is quite elective. 

He also stated that ‘“ cold and heat oxidizers’ possess in 
the system pigment +onxidizers+H,O, the activity of oxidase 
catalase types. 

As it seemed to me quite interesting to follow the relation 
between the oxidative and catalytic activities quantitatively, I have 
made the following experiments. 


Experiment 1. Influence of oligodynamic action. 


It has been reported by Fatta and Richter-Quittner 
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(1921) that the beaker in which the metal as Cu, Hg, Ag, Pb, 
sn, Zn, Al, Fe, Mg or Pt was placed with water for eight days, 


acquired even after rinsing it with distilled water, the property of 
oxiding many organic substances. In fear of being disturbed in 
the course of my study by such an oligodynamic action in the 
container of the salt of heavy metals even after rinsing, the 
following test was conducted. 

Kach of a number of purified test-tubes of the same calibre 
was supplied with 5cc. of 1% FeCl, solution and left for a 
varying lapse of time from 30 minutes to 7 days. The tube was 
then emptied and washed five times with distilled water. To 
each of the test-tubes thus treated, 5cc. of 0.05 % fuchsine 
solution and 5 drops of 20% H,O, were added. The mixture 
was then boiled on the flame of Bunsen’s burner, left at the room 
temperature and the change of the colour tone was observed for 
a day. All the test-tubes showed the same colour tone as that 
which was not treated with iron chloride. 

In the experiment, in which nickel chloride or cobalt chloride 
was used instead of iron chloride, the results were just the same 
as the case mentioned above. 

It is therefore safe to assume that in the method used in 


my study there is no fear of disturbances caused by this moment. 


Fixperiment 2. Oxidative achvity of salt of 
heavy metals. 


To each of the purified test-tubes were added 4cc. of 
0.05% fuchsine, 4 drops of 20% H,O, (pH=5) and 1 

varying concentration of salt solutions of heavy metal, such as 
FeCl,, CoCl,, NiCl,, CuCl,, Pb(NO,)., HgCl,, MnCl,, AuCl,, or PtCl,. 
The mixture was then boiled on the flame of Bunsen’s burner 


CGNOL 


for a minute and the change of the colour tone was observed 
directly and also after 1 hour. The results are given in the 


following tables. 
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TABLE VIII. 


Iron chloride. 


Change of colour 
Conc. of Colour of . | 
FeCl, ~ FeCl, After the | After the After cooling 
solution solution addition | addition | O A 
| n_ boiling 
of | of | 5 
fuchsine —§ H,Og Solution | Precipitate 
| 
M/d0 light yellow) dark red | foams a | Black pre-| brown brown 
little and | cipitate is 
e | BS the colour | formed at | ° 
— = becomes a jonce, which) = = 
I = little — junder active = FI ) 
a leeper |foaming dis-! as 
d ve og eee? BC ge Ss 
1/100 5 2 solves quite S 2, 
= = s 2 = =e 
M/200 g S soon to a 5 a 
=) = oF clear brown = a 
i me | solution. oa cas 
o O o ee ee 
s) © | c nls 
C 3 6 a @ SS 
M/400 ) i) The reac- | 5 “op 
g 9 tion is | ® ® 
gradual and, 
| tardy. 
| 
M/800 dark turbid 
: mH red | 
| 
| 
M/1600 colourless | S2™M€ a8 | same as trace of | no preci- 
s ; ia control control | sp | yellow pitation 
| dark tur- 
M/3200 | bin 
iG 2, bid red 
M/6400 deep red, | 
i no foam | a 
M/12800 " i 
M/25600 red red 
same as | same. as 
M/51200 control control 
Oconee | a little a little 
( ) faint faint 
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Conc. of | Colour of | 
CuCl, CuCl, 
solution solution 
M/50 light blue 

| ugg 

M/100 8s ¢ 

Gas 

M/200 ar 
M/400 colourless 
M/8CO | 
M/1600 
M/3200 
M/6400 
M/12800 
M/25600 
M/51200 
M/102400 


0 (control) 


TABLE 


1D 


Copper chloride. 


Chage of colour 


on Catalytic and Oxidative Activity. 


After the 


After the 


addition addition 
of of 
fuchsine IBLE CO), 
| | 
deeper — changeless 
| 
} 
” 
» 
same as 
control | 


| 
On boiling | 


| 
| | 


Black preci- 
pitate is 
formed at 

once, which! 

under active) 
foaming dis-| 
solves quite 

soon to a 

clear solu- | 

tion. 


The reac- 


tion is gra- 


dual and 
tardy. 


dark red 


deep red 


same as 
control 


alittle 
faint 


After coolin 


oO 
> 


Precipitate 


brown 


| Solution 
trace of 
blue re 
oO 
2 
” o 
tA 
oO 
wn 
” | 
” 
trace of 
purple 


light purple 


” 


| dark red 
turbid 


clear red 


same as 
control 


little 
faint 


a 


<—“‘sosroioul 


Ajpenpeas oyeyidioaad jo junowe 


<—\‘sosvoi20p 


no. preci- 
pitation 
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TABLE XX. 


Gold chloride. 


Change of colour 
Cone. of | Colour of = | . ; 
AuCl, AuCl, After the | After the After cooling 
solution solution addition addition On boiling | 
of of | | 
fuchsine H,O2 | _ Solution | Precipitate 
| ! 
! — — — —— ——$ 
M/50 yellow ‘light yellow] foams a light pur-| trace of grey 
with grey little ple with purple 
precipitate grey pre- 
cipitate 
i?) | 
iS 
M/100 a a o ” ” ” 
Ss | 
Qao5 
8, Bg 8 
M/200 2 gg o ‘i y 5 
: 2 Brg 
09 ° 59 : 
4 ) traces © 
M/400 z ” eae ” 
q 
ea dark tur- | 
M/800 a bid red ix! a a 
8 
8 
ue Aho ark a4 lz 2 rec 
e oa 8 dark turbid) dark tur- | no_preci- 
M/1600 a eke red bid red | pitation 
M/8200 Dare a deep red 
M/6400 colourless | deep red F 
28 
AS 
M/12800 dark red a a= 
2 age 
M/25600 | red red | __ 
| ' 
M512 | same as | same as | same as 
/51200 control | control control 
M/102400 ” | ” ” 
BoA | alittle a little 
ga faint faint 
| | 
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TABLE XI. 


Platinic chloride 


Change of colour 
Cone. of | Colour of ‘ a a 
Pcl, PtCl, After the | After the After cooling 
solution solution addition addition O re 
as a bouimne |= = —— 
fuchsine HL,O, Solution | Precipitate 
—— — —— — — — ————— T | 
: -,| foams a || foams a light 
y kK . : ss * s estireaxy 
M/50 yellow pink turbid little little yellow grey 
M/100 ° ae: ” ” 
2 25 
M/200 * ae “ brownish 
3 oe | 
S @ 99 er | 
> po trace of 
M/400 5 @ i purple 2g 
= 
M/800 a trace of trace of | 
s) turbidity rose | ” 
g 
M/1600 8 ” ” | no preci- 
| pitation 
: | 
trace of | same as redish | 
M/3200 yellow control turbid | 
ces 
M/6400 Bo 
a Ss 
M/12800 ee 
pe | 
Re | 
M/25600 “a 
same as | 
M/51200 control | 
| 
M/102400 ” | 
: | 
0 (control a little 
( ) faint 
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TABLE XII. 


Cobalt chloride. 


Change of colour 
Conc. of Colour of | 
CoCL, CoCl, After the | After the After cooling 
solution solution | addition of}addition of} On boiling |-—-——— —— a 
fuchsine H,O3 Solution | Precipitate 
z els ; afew | 
M/50 light pink | deep red | changeless | fhe a clear red | no precipi- 
tation 
M/100 eS ) | 
= 2 
a = 
M/200 QF - hee 
3G same as ae 
\ BS s | ae 
M/400 $ fe control | | SES 
M/800 a nae 
| | q 
M/1600 | colourless | | 
| same as 
M/8 
/5200 | | control 
SontcaLy | a little 
0 (control), | | ee 
| 
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Nickel chloride. 


Change of colour 
Cone. of | Colour of = 
NiCly NiCl, After the | After the After cooling 
solution solution | addition of} addition of On boiling 
fuchsine HO, Solution | Precipitate 
2 i 
M/50 light blue | deep red | changeless x oe clear red | "° pice: 
oams pitation 
M/100 A . S 
Sue 
M/200 : r a 
a 
| we ‘ OR 
M/400 colourless | S@™° aS | aR 
control Oe, 
“8 
M/800 a 
M/1600 | same as 
| control 
0 (control), | f little 
| | faint 
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TABLE XIV. 
Salt of other heavy metals. 
Change of colour 
Kind and -} Colour of 
conc, of salt After the | After the After cooling 
salt solution} solution addition addition o Oy 
ne of (On boln 34 
fuchsine 1,03 Solution | Precipitate 
eee Nee ee se = — 
PHNO:). ae a va . 
Se Rae, sugh han melede a little sheht | no preci- 
M/50 | colourless turbidity eioaea faint turbidity pitation 
M/100 ” r 
same as same as 
M/200 control control 
| |- a = 
ZnCl. itt | 
se All A} Bae eta ae a little orange lithe 
M/50 colourless | deep red | changeless faint sallow a little 
| same as | 
| 
M/100 | control e is 
M/200 ” ” ” 
same as 
M/400 " control 
H Cle i A 
e ee aoe slight i eeieeen 8 little turbid red | 2° Prec 
M/50 colourless turbidity changeless faint urbid rec pitation 
M/100 ” ” 
M/200 | trace % 
| same as same as 
M/400 control control 
MnCl. E : ee 
- “Viel eee tred al ctamaclors a little a little no preci- 
M/50 ight pink | deep red | changeless Pant CAGE pitation 
| same as same as 
M/100 ” control control 
M/200 ” ” Uz 
M/400 | colourless | * ” 
anosieie ho little a little 
0 (control) changeless faint faint 
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As the tables illustrated above, iron chloride acts strongly 
even at room temperature (10°C), and the change of colour is 
most distinct. At room temperature the colour gradually becomes 
faint and discolourized in the course of several hours to days 
differing according to the concentration of iron chloride and 
temperature. Copper chloride showed almost no change of colour 
at room temperature, while its reaction becomes quite active when 
heated. Gold chloride and platinic chloride produce a precipitation 
with fuchsine, and their reactions are not distinct. The action of 
cobalt chloride, nickel chloride, and all the others are also very 


weak. 


Lixperiment 3. Study of fuchsine treated with hydrogen 
peroatdte and iron chloride. 


As experiment 2 shows, when the mixture of fuchsine, 
hydrogen peroxide and iron chloride at a definite proportion is 
boiled, black precipitate separates out, which under foaming soon 
dissolves in a colourless transparent solution. With a view to 
getting some idea of the nature of this precipitate, the reaction 
was interrupted by cooling as soon as the precipitate has appeared. 
The solution was then decanted off and centrifuged. The black 
mass thus obtained was washed with distilled water until the 
disappearance of the reaction of iron ion in the wash water and 
then dried by alcohol and ether, placed in a desiccator over 
sulphuric acid and paraffin, the mass becoming lustrous (a). When 
the concentration of iron chloride in the mixture was lower (b) 
or the quantity of hydrogen peroxide was less (c) the black 
precipitate was also obtained, which however did not dissolve 
even when heated. Treating these precipitates in the same way 
as the previous one, they were obtained in a pure condition. 

The quantity of nitrogen and iron contained in these three 
precipitates was estimated as follows. In this experiment nitrogen 
was determined by Kjeldahl’s method and iron by Zimmer- 
mann and Rheinhardt’s. 
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TABLE. XV. 


i Opianed from the paste | | 
recipitate - === : =i eed N 
| le Ac ey nl ee 
A 400 ce. M/40 100 cc. 80 ce. | 5.57626 | 7.6296 
B 400 ce. M/80 100 ce. 80 cc. | 6.613% | 3.28996 
c 400 ce. M/40 100 ce. 10 ce. | 6.164% | 2.23222 
———— = =e == | = 
Fuchsine | 10.4382 | 0 


From this result it is evident that fuchsine or rather its 
decomposition product in a certain stage forms a compound 
combining with iron, the content of the latter being variable 


according to the stage of oxidation. 


Experiment 4. Catalytic and oxidative activity played in 
the system of iron salt+fuchsine + F1,0. 


As can be seen from the above experiment, the precipitate 
in the mixture of iron chloride, fuchsine and hydrogen peroxide 
contains iron in an insoluble form, so that the concentration of 
iron in the solution decreases. It follows therefore that the 
catalytic activity of iron salt must be weakened accordingly. To 
study the influence of dyestuff on the catalytic activity and to 
find out the amount of hydrogen peroxide necessary to the 
oxidation of dyestuff the following experiments were conducted. 

0.8cc. of 0.75% H,O, containing 0.05% fuchsine was 
measured into a flask of the author’s volumetric apparatus, kept 
in a water bath at 30°C. and 0.2cc. of FeCl, solution of varying 
concentration was added. At the definite interval 5 cc. of H,SO, 
(1:8) were then added to check the reaction. After shaking the 
mixture slowly for five minutes the oxygen evolved was measured 
(a). 5cc. of N/10 KMnO, were then added, shaken again and 


the amount of H,O, was estimated (b). 
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For the comparative study the same experiment without 
fuchsine was performed. 

The result of these experiments is shown in the following 
tables. 


TABLE, 2sVir 


The amount of H,O, (mg.) evolved by catalytic action of iron 


and used for the oxidation of fuchsine. 


Endconc. of FeCl, M/d0 : 


: | Difference. 
a | b of (a+b) | 
ae | Cataly- | Rest in the between | | Precipi- 
ee ‘tically de- | remaining | eek! control and es tate 
| composed | solution | fuchsine 
test | 
i aa ne. me. | me. muy. 
ey |Control 4.370 2.300 6.670 | 0.235 ie ie 
5’ |Fuchsine| 2.875 | 3.560 6.435 . 235 orown srown 
| 
Control 6.161 0.400 6.561 . 
de aa 
15’ |Fuchsine| 5.065 0.767 5.999 | 0-429 faint —}| — 
fe : 
an control G.L0S a oi 6.845 we : 
3° | Bachsine} -5.887 1" 0.974) eit) OP Se 
| 
Endconc. of FeCl, M/200 ; 
7 . a ee =: = : 
15/ Control 4,792 1.820 6.612 0.297 reddish | i 
Fuchsine 3.166 8.149 6.315 Seana brown Drown. 
2 Control 6.078 0.424 6.502 0.451 brownish littl 
Fuchsine) 4,545 1.506 |— 6.051 “291 | discolored | * “NE 
Control 6.708 0.137 6.845 
RK ° ‘< x 4 
Hh 'Puchsine| '5.818°| “0.274"°| Vel0ay | Cee) a aaenea 
| 


Studies on Catalytic and Oxidative Activity. 231 


_ TABLE XVIL. 


Endconc. of FeCl, M/400 : 


| | Difference 
_a b of (a+b) 
A Cataly- | Rest in the ; between ‘ ? Preci- 
: tically de- | remaining aan) ; control and elon. pitate 
composed | solution fuchsine 
eas iit. test 
: =o Se eee = = fe ee eee ae - 
Control 4.764 2.259 7.023 = : 
Tete laicnaine 3.149 3.607 6.846 Omics reddish brown 
| | 
oh. Control 6.160 0.821 | 6.981 0.721 brownish ite 
'Fuchsine 3.422 2.838 6.26 eke discoloured es 
ae ea ee - c = aia - i i a 
(Control | 6.708 | 0.270 | 7.078 Alias eas 
aN UGH ip reve eo K 909 0.782 almost trace 
'Fuchsine 5.338 0.958 6.296 
| gone 
Endcone. of FeCl, M/800 ; 
Control | 2.793 | 4.162 _| 6.955 ee 
ih ey, Rucheine 0.958 5.887 > 6.845 0.11 | reddish brown 
<= -| * ae 
Control 3.642 AOv All 6.969 reddish | 
9 ] : 2 4 Oe . 3 Fs | , , 
* | Puchsine 1.506 5.329 6.83 0.184 | discoloured | PTOW" 
= ae (See | z 
Control 4.655 25327, 6.982 a | brownish ae 
os Fuchsine 1.917 4,449 6.366 0.616 | discoloured ee 


From the tables we can deduce the following conclusion. 

1. The value (a) is always smaller in the solution containing 
fuchsine, while (b) is larger in it than that of the solution free 
from fuchsine. This naturally indicates that the catalase activity 
of iron chloride was diminished by the presence of fuchsine. 

2. The value (a+b) of the solution containing fuchsine is 
always smaller than that of the solution free from fuchsine. Its 
difference is due to the quantity of hydrogen peroxide used in 


the oxydation of fuchsine. 


mw 
Lo 
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III. INFLUENCE oF CAOLIN ON THE ACTIVITY OF 
Tron CHLORIDE ON HyprRoGEN PEROXIDE. 


As we have seen in the above experiments, the catalytic 
activity of iron salt depends entirely on the concentration of iron 
ion. What would result if we put some adsorbing material into 
the system? The decrease of iron ion in the solution would 
retard the reaction, while the concentration on the active surface 
would favour the decomposition of hydrogen peroxide. To see 
what sort of relation here exists the following experiments were 
undertaken. 

Experiment r. To 1cc. of M/160 FeCl, in a number of 
Erlenmeyer flasks a varying amount of caolin and 5cc. of U.2% 
H,O, were added and after the lapse of definite intervals, the 
reaction was inhibited by the addition of 5cc. of H,SO, (1: 4). 
The amount of H,O, was estimated by titration with N/10 KMnO,, 
the result of which is given in the following table. 


TABLE XVIII. 


| Amount of Hf1,O, present (expressed in terms of cc. of N/10 KMnO, 
| used) after the lapse of 


(Juantity 


of caolin | 


pated 0 1h. Qh. 3h. 4h. 5h. 
gi. H 

0 5.8 3.24 2.73 2.2 1.9 1.66 

0.01 2.66 .67 1.25 0.8 0.63 

0.05 3.48 2.67 2.07 1.63 1.26 

0.1 | 4.19 3.15 2.5 2.00 aleve: 

0.25 | 4.78 4.25 3.82 2.85 2.7 


As the table shows, the caolin at the definite concentration 
promotes the decomposition of hydrogen peroxide by iron chloride, 
while the excess of caolin diminishes the activity of iron salt. 

Expertment 2. That a certain amount of caolin has a 
promoting effect for the catalytic activity of iron on hydrogen 
peroxide seems to lie in the fact that it gives a favorable surface 
for the process. Madinaveita and Aguirrechs (1921) pointed 


Studies on Catalytic and Oxidative Activity. 233 


out that the micellar magnitude has the deciding power on the 
catalytic activity. 

We then tried to find out what result would be obtained 
when caolin was used which had been previously treated with 
iron chloride solution at different times. The treatment with iron 
chloride might change the nature of the surface. 

To 0.5 gm. of caolin in each of the centrifuge tubes, 10 cc. 
of M/I60 FeCl, were added, and the mixture was shaken 
thoroughly. After the lapse of 24 hours, the mixtures were 
centrifuged, the supernatant solution decanted off, and in most of 
the cases the residue was treated again with a fresh FeCl, solution, 
centrifuged after 24 hours, and so on. Several tubes containing 
the caolin treated with FeCl, from 1 to 6 times were prepared 
by the repetition of this procedure and to each of such tubes 
was added lcc. of M/160 FeCl, and 5 cc. of 0.75% H,O,. After 
the lapse of 1, 2 and 3 hours, the reaction was checked by the 
addition of Gc, ‘of H,SO; (124). 2.ce: of the solution were 
pipetted out, diluted with distilled water and the amount of H,O, 
was estimated by titration with N/10 KMnQO,. 

The result is shown in the following table. 


TABLE XIX. 


» 


Room temp. 31°C. 


Amount of H,O., present (expressed in terms of ce. of N/10 
Number of treat- KMnO, used) after the lapse of 
ment of iron caolin |. — 2 - 
0 Th. 2h. sh. 
0 8.5 
1 1.92 1.16 0.63 
2 1.97 1.3 0.76 
3 2.06 1.4 0.85 
4 2-1 1.41 0.88 
i) Zou 1.48 0.92 
6 2.2 1.55 1.03 
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Experiment 3. The above experiment was repeated again 
with modification that the caolin treated with iron chloride was 
washed with distilled water completely until the reaction of iron 
ion entirely disappeared from the wash water before it was treated 
with a fresh iron chloride solution. 

On the other hand, the same procedure was conducted in 
the presence of fuchsine at the rate of 0.04%. The results are 
shown in the following table. 


TABLE, 2ox¢ 


Room temp. 30°C. 


Amount of H,O. present (expressed in terms of cc. of N/10 


KMnO, used) after the lapse of 
Number of treat- |-—— - 
ment of iron eaolin Without fuchsine With fuchsine 
0 th. oh. gh. 0 jh. | oh. | 3h. 
al 2 : 
0 3.5 3.5 Soe A Esc) 
1 2.48 1.98 1.39 et 1.5 0.46 
2 2.92 | 2.117 TOO, He Die 1.58 0.46 
| | 
3 | 2.98 | 2.26 | 1.82 12.82 1 2.99 ney 
4 3.02 | 2.38 | 1.92 2.96 | 2.38 | 1.41 
5 3.08 | 2.42 1.96 | 2.99 2.48 1.6 


Lixpertment g. As experiment 8 indicates, the decomposition 
of hydrogen peroxide was promoted by the presence of fuchsine. 
To see whether this surplus of decomposition was caused by the 
use for the oxidation of fuchsine only, or the catalytic decomposi- 
tion of hydrogen peroxide was also promoted, the amount of 
oxygen evolved by the catalytic decomposition of hydrogen peroxide 
was determined gasometrically. 

0.1gm. of well washed iron caolin, prepared as above 
mentioned, was treated with lcc. of 0.5% H,O,, 0.2 cc. of M/160 
FeCl, in one of the gasometric flasks, while the same amount of 
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it was treated with 1cc. of 0.5% H,O, containing 0.04% fuchsine, 
0.2cc. of M/160 FeCl, in the other gasometric flask. At the 
definite interval, the reaction was checked by the addition of 2 cc. 
of HSO, (1:8). The amount of oxygen evolved by catalytic 
decomposition and the amount of gas produced from the rest of 
HO, by KMnO, were determined. The result is given in the 
following table. 


TABLE XXT. 


Nature of the mixture Amount of oxygen 
— i ae =| : 
| Evolved by SUES! 
Tron caolin 0.572 | M/160 Fuchsine | catalisation | a oes 
EE@s FeCl, eo, |11005 after] volume 
=I : after 3h. oer 
ge Gy Ce. SEN Bin i a 
Q.1 ] 0.2 | 0 36 0.44 1.8 
0.1 1 O22 | O.04a 1.49 0.14 1.68 
| | 


hydrogen peroxide is by the presence of fuchsine unquestionably: 
promoted. 

Experiment 5. Yhe amount of iron adsorbed by caolin in 
experiment 38 was determined and found as follows (Zimmer- 
mann and Rheinhardt’s method). 


TABLE, XXII. 


KMnO, used. 
Number of treat- <3 a i os 


Sing Ak aaa Ee es In 10¢c. of filtrate | ™ 0-5 em of waenec 
1 1.73 1.08 0.58 
2 1.08 1.16 
3 1.03 ey 
4 1.08 » 2.85 
5 1.03 3.0 
6 1.03 3.44 
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As can be seen from the above tables, the repeated treat- 
ment of caolin with iron solution acts unfavorably for the catalytic 
activity of iron salt on hydrogen peroxide in spite of the large 
quantity of iron which is adsorbed to caolin. This is apparently 
due to the deformation of the surface of caolin by the adsorption 
of hydrolysed iron hydroxide. The increase of non ionized iron 
hydroxide, so long as it does not dissolve, does not promote the 
activity of the decomposition of hydrogen peroxide by iron chloride 
solution. 

Experiment 6. The oxidative activity of iron salt is promoted 
by the presence of a certain amount of caolin. This property of 
caolin is more marked when the latter is previously treated once 
with iron chloride (iron-caolin), while in caolin treated several 
times this promoting nature decreases. This relation may be 
illustrated by the following experiment. 

To each 0.5 gm. of caolin, caolin once treated with FeCl, and 
caolin similarly treated five times, all of which were washed 
thoroughly until the reaction of Fe ion in the wash water had 
entirely disappeared, 4cc. of 0.5% H,O, containing 0.05% 
fuchsine and I cc. of M/1(0 FeCl, were added, and the mixture 
was allowed to stay at the room temperature (80°C). The colour 
changed in each of test-tubes was followed up and the result is 
shown in the following table. 


TABLE XXIII. 


Nature of caolin Decolourized after the lapse of 
0 16 hours 
Caolin 5 hours 
Iron caolin (once treated ) 1 4 hours 
Tron caolin (treated 5 times) 2 4 hours 
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IV. Tur INFtuence oF ALBumIN, LECITHIN AND CEPHALIN 
ON THE CaTatytic ActTiviry oF IRoN CHLORIDE 
ON HypDROGEN PEROXIDE. 


A. Experiment with albumin. 


The albumin used was prepared from the white of new- 
laid eggs by Hopkin’s method, recrystallized four times from 
ammonium sulphate solution, dialysed for one week against tap 
water, 2 weeks against distilled water and finally 48 hours by 
the electro-endosmotic arrangement, The salt-free 294 albumin 
solution thus prepared which has the isoelectric point at pH=4.9 
was used as the stock solution and gives in itself no influence on 
hydrogen peroxide. This is proved by the following experiment. 

To lec. of varying concentration of albumin solution in a 
number of Erlenmeyer flasks were added 5cc. of 0.2% H,O, 
and directly after the mixing and 3 hours thereafter 5 cc. of 
H,SO, (1:4) were added and the amount of H,O, was. titrated 
with N/10 KMnQO,. 


The result is given in the following table. 


TABLE XXIV. 


Amount of H,O, present (expressed in terms of cc. 
Conc. of albumin of N/10 KMnO, used) after the lapse of 
added (22) _ 

0 8h. 

2 Deed 5.39 
2/5 5.59 5.39 
2/25 5.59 5.39 
YN PR) 5.09 5.89 

| 

2/625 5.89 | 5.09 

- es | FS 
2/1250 yescen | 5.39 
0 5.389 5.89 
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Experiment 7. (n this :xperiment the influence of albumin 
on the activity of iron chloride upon hydrogen peroxide was 
studied. 

1. To lcc. of M/80 FeCl, solution in a number of 
Erlenmeyer flasks were added I cc. of varying concentration of 
albumin solution and 5 cc. of 0.2% H,O, solution (pH=4.9). At 
the end of 30m., 1h., and 2h., 5 cc. of H,SO, (1:8) were added 
to the flasks one after another and H,O, remained undecomposed 
in it was estimated by titration with N/10 KMnO,. (Table XXV.) 


TABLE XXYV. 


Endconc. of FeCl, =M/560. Room temp. 25°C. 


Amount of H,O, present (expressed in terms of cc. 


Albumin solution added of N/10 KMnO, used) after the lapse of 


Cone. (24) pH 0 30 m. Ihe 2h. 
2 4.8 5.07 4.93 | 4.76 
2/5 | 4.8 5.07 AST a) et 
2/25 4.9 4.33 8.8 | 1.81 
2/125 ca 2.61 1.43 (0.48 
2/625 4.9 2.15 0.98 0.54 
2/1250 4.9 2.02 1.02 0.54 
0 Ah 6.88 2.02 1.02 | 0.54 


2. To 4cc. either of M/160 or of M/320 FeCl, solution 
in a number of Erlenmeyer flasks were added 4 cc. of varying 
concentration of albumin solution and finally 20 cc. of 0.2% H,O,,. 
After a definite length of time 5 cc. of the mixture were removed 


for analysis of H,O,. (Table XXVI and XXVIL.) 
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TABLE XXVI. 


Budconc, of He@i— iM 120) Koom temp. 25°C. 


Amount of HO, present (expressed in terms of cc. of N/10 


Cone. of albumin KMnO, used) after the lapse of 


added (2% a 


(9) Lh. | Dade 8h. 
2/25 3.12 2.6 | 2.2 
2/50 2.58 1.79 1.28 
2/100 2.08 1.26 0.8 


2/200 1.8 1.08 0.66 
2/400 1.78 ial} 0.87 


2/800 1.98 1.5 1.25 
2/1600 2.18 veg 1.56 
2/3200 3.15 1.85 | 1.63 
2/6400 | 215 1.92 1.72 
0 B47 2.24 1.92 1.72 


TABLE XXVII. 


Endconc. of FeCl, =M/2240. Room temp. 25°C. 


Amount of T,O, present (expressed in terms of cc. of N/10 
Cone. of albumin KMnO, used) after the lapse of 
added (72) : 


0 eh: Ph 3h. 
2/25 | 3.65 | 3.5 34 
2/50 3.56 3.28 .98 
2/100 3.44 3.0 62 


2 
2.6 

2/200 3.3 2.81 2.36 
2/400 3.25 2.93 2.5 
2.9 


2/800 3.38 3.18 .96 
2/1600 3.38 3.19 3.06 
0 Sunn 3 
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From the foregoing three tables it may be deduced that 
the addition of a certain amount of albumin solution at its isoelectric 
point to the system of H,O,+ FeCl, acts favorably on the catalytic 
activity of iron, while a too large amount retards the reaction 
very markedly. It is worth while to mention that on addition of 
albumin solution to the iron chloride solution the yellowish-brown 
colour of iron solution fades to a faint yellowish-white and the 
solution becomes a little opaque. Such a solution remains yellow 
in colour for 2-8 hours, while other solutions turn to brown in 
the course of time. 

Experiment 2. It has shown in experiment 1 that the 
addition of a certain amount of isoelectric albumin solution favours 
the catalytic activity of iron on hydrogen peroxide. In the 
following experiments I have studied the influence of the addition 
of albumin at an other acidity than pH=4.9. 

Since the buffer solutions, ordinarily used, do not serve well 
owing to the formation of insoluble salt with iron chloride, so the 
variant acidities were brought about by merely adding hydrochloric 
acid or sodium hydroxide. In this way 0.2% hydrogen peroxide 
solutions of different acidity were prepared, and their acidities 
were checked by the indicator method described by Clark. 
Using these solutions the similar experiments as above were 


performed, the results of which are indicated in the following table. 


TABLE XXVIIL 


pH of the H,O, solution=5. 
Endconc. of FeCl, =M/1120. Room temp. 25°C. 


“a 


Amount of H,O, present (expressed in terms of cc. of 


Cone. of albumin N/10 KMnO, used) after the lapse of 
added (24) 


0 eh 2 hie 
2/25 ee 2.96 Ws 
2/50 Qe 1.4 


2/100 1.71 0.88 
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a Amount of H,O, present (expressed in terms of cc. of 
Conc. of albumin N/10 KMnO, used) after the lapse of 
added. (24 ) 
0 Lh. 2h 
2/200 1.41 0.67 
2/400 1.22 0.55 
2/800 1.12 | 0.48 
2/1600 1.05 0.45 
2/8200 1.02 0.45 
0 3.77 1.02 0.45 


TABLE XXIX. 


pH of the HO, solution=3. 


Kendconc. of FeCl; =M/2240. Room temp. 25°C. 
- ; Amount & ‘Lo, fae (pred a oes ee es of N10 
Conc. of albumin KMnO, used) after the lapse of 
added 2% = 
0 1h 2h 3h 

2/25 2.53 3.29 2.95 
2/50 2.34 2.83 2.25 
2/100 3.05 2.31 ys 
2/200 ext 1.9 1.16 
2/400 2.63 Lon 1.01 
2/800 2.5 1.59 0.87 
2/1600 2.52 1.64 0.99 
2/8200 2.52 1.71 1.25 
0 3.77 2.52 1.75 1.27 
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TABLE XXX. 


pH of the 1,0, solution=9, 


Endconc. of FeCl, =M/1120 Room temp. 25°C. 
aie ; Nea of HO, ee (expressed in terms of cc. of N/10 
ee ee KMnc€ 4 Le ) ee the ia of gon 

a) 0 1h. oh. 3h. 4h. 
2/25 | 3.42 2.96 2.8 2.61 
2/50 3.31 2.65 2.4 2.15 
2/100 3.11 2.27 1.97 1.69 
2/200 3.04 2.46 2.24 2.0 
2/400 3.04 2.57 2.42 2.25 
2/800 3.04 2.66 2.53 2.4 
0 3.04 | 2.66 2.53 2.4 
0 (FeCl,=0) | 3.7 | 3.77 


It is evident from the above experiment that at the higher 
acidity the favorable concentration of albumin seems to shift to 
the more dilute solution, while at the lower acidity the more 
concentrated solution accelerates the catalytic activity of iron on 
hydrogen peronide. 

Eixperinient 3. It has been shown above that the addition 
of albumin is the most favorable when 0.019% albumin solution 
is added to the same volume of M/160 iron chloride solution. 
Taking this ratio as always constant, the various acidities of the 
system were prepared by using the hydrogen peroxide solutions 
of different hydrogen ion concentration. The catalytic activity 
of such a system was determined, while at the same time the 
equivalent test without the addition of albumin was performed. 


The result is given in the following table. 
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TABLE XXXL 


Endconc. of FeCl,=M/1120 


Endconc. of albumin=1/700%. Room temp. 25°C. 
Amount of H,O, present (expressed in terms of cc. of N/10 KMnO, 
mites used) after the lapse of 
11,0, sol. = F 
Se With albumin | Without albumin 
0 CG. 1) (9, Wh 16 oh Qh. 3h. 
| 
3 | | acd ke 1.16 0.66 | 1.4 0.7 0.46 
| 
4.9 | 2.43 1.5 0.95 226) | WS i) 66 
| | | 
9.8 | Bnd 2.98 2.63 3.17 2.89 | 2.67 
9.8 3.77 | | Sse W Sota | 3.77 
(FeCl, | 


As will be seen from the table the addition of albumin 
may accelerate the catalytic activity of iron salt only at the 
acidity of neighbourhood pH=4.9, while there is no favorable 
effect observable at a higher or lower acidity. 

Experiment g. In this experiment the comparison was 
made on the effectiveness of freshly prepared iron albumin mixture 
and old one. 

The iron albumin obtained as above mentioned was allowed 
to remain at room temperature for several periods of time and 
its activity on hydrogen peroxide was tested in the same way as 
experiment 3 and the value obtained was compared with that of 


blank experiment without albumin. 
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TABLE XXXIL 


Endconc. of FeCl, =M/1120. 
Endconc. of albumin=1/700% 


Amount of H,O, present (expressed in terms of cc. of N/10 
KMnO, used) after the lapse of 
INGO 2 Vik j= ———— =acaeneneneeeeeT| aaa SS ae 
albumin. With iron albumin Without albumin 
Go all oct gh: 4" Bh. tb. 2h. | 3h. 
- < day | | 
fresh 3.57 Dol 1.48 | 0.95 2.3 1.95 igh 
| 
2 3.06 DAD ele 2.82 2.26 1.85 
| 
3 3.18 2.68 | 2.12 292 2.4 1.98 


The accelerating action of iron-albumin-mixture is therefore 
only varied in the day of preparation, while even two days later 
the efficiency is decreased and the difference between it and the 
system lacking albumin becomes much blurred. 


B. Experiment with lecithin and cephalin. 


In the foregoing paragraphs it has been shown that the 
albumin at a certain concentration accelerates the catalytic activity 
of iron on hydrogen peroxide and it may be well assumed that 
the surface phenomenon, viewed from the results obtained under 
different experimental conditions, is playing here a_ special role. 
If it be really the case, other colloidal substance will display the 
same relation. Having this in mind, I proceeded to test the 
effect of the presence of lecithin and cephalin on the catalytic 
power of iron salt. 


Material. 


Lecithin. ‘Yhe lecithin used in my experiment was prepared 
from the yolk of new-laid eggs and the brain of ox by the method 
of Maclean (1918) and 19% stock solution was made dissolving 
it into distilled water. 
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Cephalin. Vhe cephalin used was prepared from the ox 
brain following the method described by Koganei (1923). 1% 
stock solution was made dissolving it into distilled water. 

Lecithin and cephalin thus prepared showed in itself no 
evidence of catalytic power on hydrogen peroxide and it is also 
hardly acted upon in turn under the conditions obtaining in the 
following experiment by potassium permanganate, so that it is 
not necessary to take any care of its presence in the determination 
of catalytic activity of iron salt on hydrogen peroxide. 

Experiment. The method of examining the effect of lecithin 
and cephalin on the catalytic power of iron remained just the 
same as in the case of albumin. 


The results are given in the following tables. 


GABICE, oer 


Egg lecithin. 
Endconc. of FeCl; =M/560. Room temp. 25°C. 


Amount of HO, present (expressed in terms of cc. of N/10 
Cone. of lecithin KMnO, used) after the lapse of 
added (2%) ze oes 


0 40m. aQers 13h. 
1/5 2.4 1.72 1.22 
1/10 Hey 1.15 0.72 
1/20 1.58 0.96 0.6 
1/40 1.58 0.96 0.54 
1/80 1.5 0.98 0.56 
1/160 1.5 1.06 0.56 
1/320 | 1.48 1.06 0.64 
0 5.39 1.48 1.06 0.64 
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TABLE XXXIV. 


Egg lecithin 


Endconc. of FeCl, =M/1120. Room temp. 24°C. 
Amount of H,O, present (expressed in terms of cc. of N/10 
Cone. of lecithin KMnQ, used) after the lapse of 
added (%) = 
0 th. 2h. gh. | 
1/5 3.59 2.88 2.23 | 
1/10 3.18 2.31 1.81 . 
1/20 | 2.92 1.98 1.47 | 
1/40 | 2.88 1.85 1.5 | 
1/80 2.95 2.00 isa 
1/160 | 2.95 2.18 1.88 
1/320 | (es erg 2.67 2.17 | 
1/640 3.29 exh 2.3 . 
1/1280 8.41 2.8 2.3 
1/2560 3.44 2.87 2.45 . 
0 3.89 5.44 2.95 2.58 
TABLE, XXOXV- 
Ege lecithin 
Endconc. of FeCl; = M/2240 Room temp. 24°C. 
, ____ | Amount of HO, present (expressed in terms of cc. of N/10 
Cone. of lecithin KMnO, used) after the lapse of 
added (%) a = : 
0 a ee sh. 
1/5 3.35 | 8.12 2.98 
1/10 3.17 2.78 2.59 
1/20 3-14 2.7 2.46 
1/40 3.24 2.85 2.62 
1/80 3.384 Ball 2.92 
1/160 3.41 3.21 3.11 
1/820 3.44 3.28 3.21 
0 3.89 3.46 3.28 3.21 
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TABLE XXXVI. 


Ox brain lecithin 


Endconc. of FeCl,=M/1120. 


bo 
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Room temp. 25°C. 


Conc. of lecithin 
added (22) 


Amount of H,O, present (expressed in terms of cc. of N/10 ; 


KMnO, used) after the lapse of 


0 th. 2h 3h 
1/5 2.58 1.92 1.55 
1/10 2.22 1.59 1.18 
1/20 2.18 1.45 - | 1.06 
1/40 2.08 1.5 1.18 
1/80 aga lea) Os 1.87 
1/160 2.22 1.78 1.54 
1/320 2.26 1.85 1.62 
1/640 2.3 1.96 1.75 
0 3.89 2.44 2.08 1.84 
TABICE) (XXOCViIL, 
Cephalin. 
Endconc. of FeCl, =M/560. Room temp. 25°C. 
a. “Amount of “H2O, present (expressed in terms of cc. of Ni. 10° 
Cone. of cephalin KMnO, used) after the lapse of 
added (2%) 0 30/ 1h. 13h. 
“4/6 2.78 0.91 0.54 
1/10 2.28 0.84 0.57 
1/20 2.28 0.87 0.57 
1/40 2.38 0.91 0.57 
1/80 2.48 0.97 0.57 
1/160 2.48 eu 0.62 
0 5.39 2.48 1.12 0.62 
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TABLE XXXVIII. 


Cephalin. 
Endconc. of FeCl, =M/1120. Room temp. 25°C. 
Amount of HO, present (expressed in terms of cc. of N/10 

Conc, of cephalin KMn0O, used) after the lapse of ; 
sage o- 1h. 2h. sh. 
1/5 2.0 | 1.28 0.8 
1/10 1.88 1.18 0.87 
1/20 2.0 |. Yeas 1.17 
1/40 | 2.06 | 1.64 1.26 

1/80 Sh) \y” ise 1.32- 
1/160 207 0) LTT 1.47 
1/320, 2.32 | 1.85 1.54 
1/640 2.35 | 1.87 1.57 
0 3.89 abc 1 Meee e 1.57 

TABLE XXXIX. 
Endconc. of FeCl, = M/2240. Room temp. 25°C. 
~ | Amount of HO, present (expressed in terms of cc. of N/10 
Cone. of cephalin KMnO, used) after the lapse of 

ae i 1h. oh. Sh. 
1/5 3.07 2.57 2.24 
1/10 3.11 2.75 2.49 
1/20 3.28 3.02 2.838 
1/40 3.32 3.14 2.99 
0 3.89 3.32 3.14 2.99 


We can see from the tables that the same relation is 
prevailing here as was present in the case of albumin. At a 


i i i ee ee ae 
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certain concentration lecithin and cephalin, that is to say, promote 
the catalytic activity of iron strongly, while its larger amount 
tends to retard the activity and the case is the same with caolin. 


V. INFLUENCE UPON EACH OTHER BY IRON CHLORIDE 
AND HEMASE; PEROXIDASE AND HEMASE. 


In the domain of cellular physiology, much has been said 
hitherto about enzymes which deal with the oxidative process. 
Oxidase and peroxidase system on the one hand, and Wieland’s 
dehydrogenase on the other, both play the important role. As 
to the function of catalase, Burge persists that its amount is 
parellel with the activity of biological oxidations, but Stehle 
(1919) failed to find any such paralellism. 

As iron chloride has both the catalytic and oxidative power, 
it is quite interesting to know how peroxidase and catalase on the 
one hand and iron chloride and enzymes on the other influence 
each other. 

The author of this article made some experiments and the 


results of this study are given in the following paragraphs. 


A. The mutual effect of their presence displayed on 
their activity between hemase and iron chloride. 


As hemase and iron chloride both decompose the hydrogen 
peroxide, it is quite possible that they may act upon each other 
either favorably or- unfavorably, or remain indifferently. I have 
examined their mutual influence and am going to describe them 
in the following paragraphs. 

Hemase used in this experiment was prepared by Ost wald- 
Senter’s method from 200cc. of defibrinated blood of horse. 
It was further purified by centrifuging it in 60% alcohol 5 times. 
The yield was 30 gm. of reddish yellow powder. 1.5 gm. of the 
powder was suspended in 10cc. of distilled water and kept in 
an ice chest for 24 hours and then filtered. The yellow filtrate 
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thus prepared was used as the stock solution of hemase. 1 cc. of 
such a solution contained 0.3 mg. of nitrogen and was used in 


the experiment after it had been diluted with water properly. 


1. The effect of the presence of tron chloride on the 
activity of hemase on hydrogen peroxide. 


To 4cc. of 1/40 hemase and 4cc. of FeCl, of varying 
concentration in a number of Erlenmeyer flasks were added 20 cc. 
of 0.2% H,O,. After 1h., 2h? and 3 hours,-o cc. of theatre 
were pipetted out into Erlenmeyer flask, 4cc. of H,O, (1: 4) 
were added and then the amount of H,O, was estimated by 
titration with N/10 KMnO,. 

The result is given in the following table. + 


UMS. Dw, 


Room temp. 24.5" C. 
Initial amount of HO, corresponds to 4.49 cc. of N/10 KMnO, used. 


~ | Amount of HO decomposed (expressed in terms of cc, of N/10 


Renee BE aes ___KMnQ, used) after the ne of 
FeCl, sol. Th. 2h. 3h. 
added | See (2c $ 2 
FeCl, FeCl, | -FeCl, FeCl, + FeCl, FeCl, + 
= ail alone | hemase alone hemase alone hemase 
| | | 
0 ees keer, ie Rtg 1.72 
1/2560 0.02 | a68 | 0.03 | 1.68 0.04 1.68 
1/1280 0.04 1.59 0.07 1.59 0.09 1.59 
1/640 Jellies | ulesey | GI Se 0.19 1.52 
1/320 | WeA ) The 0.59 1.44 0.67 1.65 
1/160 2.07 - 9) O46 | 2.64. enero 2.7 3.86 
| 
1/80 3.84 | 3.96 4.19 | 4.29 
| 


As it wlll be seen in the table, the presence of iron salt 
retards the action of hemase very clearly. 
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2. The effect of the presence of hemase on the activity 
of tron chloride on hydrogen peroxide. 


As iron salt has the nature of both catalytic and oxidative 


activities, the effects of hemase on both activities were examined. 


a. The effect of hemase on the catalytic activity 
of tron chloride. 


To 4cc. of M/160 FeCl, and 4 cc. of varying concentration 
of hemase solution in a number of Erlenmeyer’s flasks were added 
20 cc. of 0.4% H,O, and with the addition of 4 cc. of distilled 
water, the total volume was made to 32cc. After the lapse of 
th., 2h. and 3 hours, 5cc. of the mixture were pipetted out for 
analysis. 

As I saw in a preliminary test, the addition of a certain 
amount of hemase solution promotes the catalytic activity of iron 
just as it has been observed in the case of albumin. I have also 
examined the effect of addition of 4cc. of albumin (1 cc. =0.0165 
mg.) in the system of the above experiment in place of water 
using the same procedure. 


In the following table the results of such experiments are 


given 
TABLE XLI. 
Conc. of FeCl, added=M/160. Room temp. 24.5°C. 
N in lec. of albumin solution added=0.0165 meg. 
N in lec. of 1/20 hemase solution added=0.015 mg. 
ats - Ta ~ Amount of lay decomposed in terms of cc. 
Nature of mixture of N/10 KMnO, used 
Conc on N in lec. of Sees ae 4 
hemase added hemase aie ak Hemase + Hemase + FeCh, 
(mg.) Becta seo FeCl, --albumin 
Fe ee 0 ey SS 2.05 2.42 
1/160 0.00188 0.23 2.16 2.35 
1/80 0.003875 0.46 2.38 2.22 
1/40 0.007! 1.08 2.48 2.14 
1/20 | 0.015 2.43 2.46 2505 
1/10 0.03 | 5.06 lee 2038S 2.51 
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Amount of H,O, decomposed in terms of cc. 


Nature of mixture of N/10 KMnO, used 
Cone. of | N in ice. of aes 
hemase added | hemase | I 5 Hemase ae Hemase + FeCl, 
(mg.) ‘ z FeCl, +albumin 
0 0 0 2.6 4.06 
1/160 0.00188 0.23 2.88 3.88 
1/80 0.00375 0.46 8.84 3.74 
1/40 0.0075 ial 3.8 3.47 
1/20 0.015 2.48 3-83 3.25 
1/10 0.03 5.28 3.48 3.20 
3 hours 
0 0 0 2.94 4.92 
1/160 0.00188 0.23 3.26 4.78 
1/80 0.00375 0.46 3.82 4.62 
1/40 | 0.0075 iteaik 4.48 4.3 
1/20 | 0.015 2.52 4.56 4.0 
1/10 0.03 5.34 4.13 3.56 


As this table indicates, the presence of hemase acts favor- 
ably at a certain concentration just as it did in the case of albumin. 
If we compare the amount of nitrogen contained in both cases 
there is a fair coincidence. We can therefore assume that the 
hemase does not exert any specific influence on the catalytic 
activity of iron salt on hydrogen peroxide. 


b. The effect of hemase on the oxidative activity 
of iron chloride. 

Into a series of test tubes of the same calibre 1 cc. of 1/160 
FeCl; and Icc. of varying concentration of hemase and finally 
10 cc. of 2% H,©, containing 0.01% methylenblue were measured. 

After each of definite intervals the change of colour was 
compared with the scale which was made by the addition of 
varying amount of iron chloride to the methylenblue solution, the 


same as the experiment, and the oxydative power was estimated. 
The result is given in the following table. 
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TABLE, XOLIE 


; ‘The oxydative power of iron chloride after the lapse of 
Cone. of hemase (expressed in %) 

added in - aaa sila | naan eine - 

380 m. th. pact. 

1/5 7 7 7 ae 

1/10 80 80 80 

1/20 380 80 100 

1/40 110 120 120 

1/80 110 110 110 

1/160 110 110 110 

1/32 110 | 110 110 

1/640 110 110 110 


Hemase has therefore just the same effect on catalytic and 
oxidative activity of iron chloride. 


B. The mutual effect of their presence played on 
their activity between hemase and peronidase. 


rt. The effect of the presence of peroxidase on the 
catalytic activity of hemase. 


Material 


Peroxydase. The peroxydase used in this experiment was 
prepared from 1kgm. Wasabia japonica, Matsumura according 
to Bach and Chodat’s method. After purification was repeated 
three times 1.4m. of peroxidase was obtained as white powder. 

Pyrogallol solution. Pyrogallol (Merck) used was purified 
free from gallic acid and salt by recrystalization. Its 49% solution. 
in distilled water was prepared just previous to its use, 

Experiment 1. The effect of the presence of peroxydase om 
hemase was studied from the change of volume of oxygen evolved! 
by the action of hemase on hydrogen peroxide in its presence. 
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4cc. of 2% pyrogallol solution and varying quantity of 
peroxidase dissolved in lcc. of water, were measured into the 
flask of gasometric apparatus and kept in a thermostat at 50°C., 
and then lcc. of 1/40 hemase and 5cc. of 0.29% H,O, were 
added. After 30 minutes, the reaction was checked by the 
addition of 2cc. of H,SO, (1:8). The flask was shaken gently 
for five minutes and the oxygen evolved was measured. 

As when the peroxidase acts on pyrogallol-+ H,O, it evolves 
a certain amount of oxygen, it was necessary to determine its 
amount by conducting the same procedure as above only without 
addition of hemase. 


The result is given in the following table. 


TABLE XLII. 


Volume of oxygen evolved 


Nature of mixture ae 
a : oo after 30’ at 30°C. 


0.2% HO, 14% Pyrocalion 1/40 Hemase Amount of Hemase ae Peroxidase 
k BE ae ee ane : peroxidase peroxidase alone 
ct. as | Cl. : gM. CC. 5 Ce 

5 2 1 0 0.98 0 

5 2 i 0.0025 0.62 0.06 

5 2 | i 0.005 0.54 0.1 

5 2 | 1 0.01 0.48 Oot 

5 2 il 0.02 0.6 0.3 


Experiment 2. The cffect of peroxidase on the hemase 
activity in the system hemase + H,O,+ a-naphtol was also studied 
with peroxidase obtained from Arctium lappa L. by the method 
of Bach and Chodat. 

The system consisted of 5 cc. of 0.1% H,O,, lec. of 1/40 
hemase and 5 mg. of a-nophtol which was suspended in 1 cc. of 
of 1 mol alcohol and the whole procedure remained as before. 

The result is given in the following table. 
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TABLE XLIV. 


: : F 4 : Volume of oxygen evolved 
Nature of mixture ee 
— 7 a ; after 30’ at 30°C. 
Quantity of a | era Weeze eae 
of Mae “2 es =] > 
ve naphtol suspended inl 1/40 Peroxidase Hemase+ | Peroxidase 
SOR h ccae eal neste hemase peroxidase | alone 
ea bie, i ee a me i) =. mae | bs 
5 0.05 1 0 | ee 0) 
5 | 0.05 | il 0.005 | as 0) 
5 0.05 | 1 0.01 2 0 


The foregoing two tables indicate that the peroxidase 
undoubtedly retards the activity of hemase. 


2. The influence of hemase on the activity of peroxidase. 


We have seen in the above experiments that peroxidase 
has an unfavorable influence on the action of hemase. The 
reverse’ influence, i.c., the effect of hemase on the activity of 
peroxidase is quite interesting, as we can predict two possible 
cases here —a favorable and an unfavorable one. As I have 
already pointed out, many previous authors have shown that the 
excessive amount of hydrogen peroxide is very poisonous for the 
activity of peroxidase. If we examine the activity of peroxidase 
with a large amount of hydrogen peroxide, the presence of hemase 
will act favorably by decomposing the excess of hydrogen peroxide, 
while in case the hydrogen peroxide present is not enough, the 
diminution of it caused by the presence of hemase will act entirely 
unfavorably. To elucidate this reaction, I have made the following 
experiments. 

Experiment. Into each Erlenmeyer flask containing 10 ce. 
of H,O, were added 2 cc. of 4% pyrogallol solution, 1 cc. of 1% 
peroxidase and a varying amount of hemase solution, such as 
lcc.; 2cc., 8cc., 4cc., 5cc., and 6cc. and with the addition of 
water the total volume was made to 20cc. The mixture was 
allowed to stand at room temperature for 12 hours. The 
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amount of purpurogallin obtained in this condition was determined 
by titration with N/50 KMnO, according to Bach and Chodat’s 
method. 

1cc. of hemase used decomposes 1.2 cc. of 0.2 % H,O, in 
the presence of pyrogallol under these conditions. 


TABLE XLV. 


{ 
{| 


BERS dee “Amount of pur- 
apie oon purogallin in terms 
l 5 Amount of | of N/50 KMnO 
0.2% HO, | 42 Pyrogallol | Peroxidase AS SN . ae se 
Che Co: | gm. CG: ‘| ; Gin 
10 2 | 0 0 0 
10 2 | 0 1 0 
10 2Ae | (Gis aa 1 1.27 
oe FN (ee Cam 2 | 2.87 
10 2 | 0.01 3 | 3.88 
10 2 | 0.01 4 | 3.90 
| | 
10 3 | 0.01 | 5 | 4.2 
| | | 
10 2 | 0.01 6 | 5.2 


As can be seen from the table, the amount of purpurogallin 
increases when hemase is present. That it is mainly due, at least, 
to the diminution of hydrogen peroxide is quite reasonable to 
suppose from the view of two points. 

Firstly, when peroxidase and pyrogallol in the same amount 
as in the above experiment were added to hydrogen peroxide of 
the decreasing amount (10, 8, 6.8, 5.6, 4.4, 3.2), the production 
of purpurogallin was increased accordingly as is shown in the 
following table. 
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TEABIER SSIGVE. 


Nature of mixture Amount of purpuro- 
0.2% HO, A4ez Pyrogallol Perox wdase agry KMnc ) Bee 
He ce. * age Be 
10 2 0.01 0.8 
8 2 0.01 167 
6.8 2 | 0.01 2.67 
5.6 2 | 0.01 4.4 
4.4 2 | 0.01 6.15 
Be 2 0.01 | 9.6 
| 


3cc. of hemase was added to the 


and 2 cc. of 4% pyrogallol, hydrogen 


Secondly, when 1 or 
mixture of 5 cc. of 29% H,O, 
peroxide was decomposed nearly to the amount which would give 
rise to the amount of purpurogallin when acted on by peroxidase 
on the condition maintained in the above experiments. 


TABLE XLVII. 


Amount of oxygen 
evolved in terms of 
0.2% H,O, after 


0.226 HO, | 4% Pyrogallol Hemase added 30/ at 30°C. 
mae We Ca CC. : 
5 | g 1 he 

| 
i | 9° 3 Sek 
| 


In the above experiment the amount of hydrogen peroxide 
was quite large and the retarding action of hemase could not be 
observed. I was, however, able to get an evidence of both the 
promoting and the retarding action of hemase on oxidizing enzyme 
with another sample of peroxidase, which is not very pure and 


contains a little of oxidase, but it was possible to see the relation 
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clearly. 


above mentioned. 


The results are given 
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in the following table. 


The procedure of the experiment was quite the same as 


TAB DE. cil: 
Ter amwe RES Re | cee oy 
‘0.296 H,O, [4¢2 Pyrogalloll’ Peroxidase | tess | P26 tal ean 

ae: Ce. a ieee Cl. . _ _ “oil. i ; Cl. | Chai} 

4 2 | 01 | 2.0 22 brown 

3 2 | i) a, 2.4 2.45 ; 

2 2 .01 3.5 | 4.16 : 

J 2 -O1 14.8 13.2 | dark brown 

0.5 2 or 7 aoe 9.4 

0 2 | or | | 7s 7.8 | 2 


‘As is shown in the table, the amounts of hydrogen peroxide 
4tcc., 8cc. and 2cc. are too large for the amount of peroxidase 
0.01, and the addition of hemase promotes the production of 
purpurogallin, while in the smaller amount of hydrogen peroxide 
the presence of hemase retards the action of peroxidase. In case 
there is no hydrogen peroxide present, hemase naturally neither 
promotes nor accelerates the production of purpurogallin. 


SUMMARY 


1. A new micro-gasometric apparatus is devised. 

2. Among the chloride of several heavy metals the catalytic 
activity of iron is most effective, while copper comes next, and 
salts of other metals remain very weak in their effectiveness. 

3. This catalytic activity seems to be due to the presence 
of metallic ion. 

4. The catalytic activity of iron chloride weakens therefore 
proportionately with the increase of hydrolysis. 


| 
| 
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5. The oxidative activity of salt of iron and other metals 
is almost parallel with their catalytic activity. 

6. The presence of caolin, at a certain amount, promotes 
both the catalytic and oxidative activity of iron salt. The excess 
of caolin, however, retards the activity of iron. The repeated 
treatment of caolin with iron chloride lessens the effectiveness of 
eaolin in promoting the activity of iron salt probably owing to 
the deformation of the surface. 

7. The addition of a certain amount of isoelectric albumin 
to the system of H,O,+ FeCl, accelerates the catalytic action of 
iron salt on hydrogen peroxide, while the optimum concentration, 
at the other acidity than the isoelectric point, shifts to either 
direction. 

8. The same relation as that of albumin ts also observable 
in case of the addition of lecithin and cephalin. 

9. The presence of iron salt retards the action of hemase 
very clearly. 

10. The presence of hemase acts favourably on the catalytic 
activity of iron salt at a certain concentration just as in the case 
of albumin. This effectiveness of hemase is found to be due to 
its albumin content. 

11. The presence of peroxidase retards the activity of 
hemase. 

12. The presence of hemase promotes the activity of 
peroxidase and oxidase when the amount of hydrogen peroxide 
present is large, while in the case where the amount of hydrogen 
peroxide is not sufficiently large for the action of peroxidase, it 


acts retardingly. : 


3 
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ON THE BIOCHEMICAL STUDY OF 
THE RIPENING OF THE 
KAKI-FRUIT. V.* 
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In the second article on this subject, one of the authors 
and H. Ueda (1928) studying the daily change in the carbohy- 
drates and shibu contents of the sweet kaki-fruit grown in Shira- 
kawa, Kyoto, have reached the conclusion that as the fruit becomes 
ripe, the reducing sugar-content increases, and the soluble shibu 
is largely converted into an insoluble form. 

The present investigation was, therefore, undertaken to 
ascertain whether the same chemical transformation in the consti- 
tuents of the fruit of the astringent variety would occur in the 


course of ripening. 


J. Tue RIPENING AND GrRowTH or ASTRINGENT 
Kaki-Fruit. 


The samples used in this experiment were two strains of 
the astringent variety grown in different places; one is “marugaki’’ 
in Shirakawa and the university ground, and the other “ daishiro ” 
in Tanaka, Kyoto. 

The sampling of the fruit and the analytical methods 
employed were the same as those described in the former article. 
The day chosen for sampling was fairly bright and sunny, as it 


was in the previous experiment. 


* The expenses of this investigation were shared by the Government 


Department of Education. 
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In the determination of simple sugars, the water extract 
was prepared boiling the pulp with some quantity of calcium 
carbonate to avoid inversion of cane sugar by the action of organic 
acids present in the fruit during preparation of the extract, and 
the results of the analysis were compared with those resulting 
from the extract prepared by the usual process, as will be seen 
in the table. 

Pectin content in the fruit was determined by the usual 
process, and also by the precipitation of the water extract of the 
fruit with calcium chloride solution, proposed by M. H. Carré 
and D. Haynes (1922). 

The analytical results calculated im grammes per fruit were 
shown in tables I, IV, VU, with the condition of the fruit on the 
tree at the time of sampling. In tables IJ, V, VIII, percentage 
results in the pulp were shown and the figures given in tables 
lI, VI, IX. were percentages in dry pulp. 

The following generalisations were made from the experi- 
mental results mentioned above : 

1. The actual weight of the fruit increased at the rate of 
one gramme per diem. 

2. During growth of the fruit the amount of total suga'r 
increased and that of polysaccharides, including cellulose, on the 
contrary, decreased. 

3. The quantity of sucrose increased from 7 per cent on 
July 26. in “ marugaki,” Shirakawa, to 26 per cent, the maximum 
on Sep. 18., and then fell to 12 per cent on November 6. 

4. When the fruit attained maturity, the amount of the 
reducing sugar showed a sudden increase, and, contrary-wise, 
that of sucrose decreased together with the soluble shibu-content, 
this increase in the content of reducing sugar may be explained 
by assuming an inversion of sucrose into reducing sugars. 

®. The fructose-glucose-ratio in the fruit approaches with 
time that of the invert sugar, owing to the increase in fructose 
as due to hydrolysis of sucrose, the glucose produced by that 
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reaction having been partly used in respiration. 

6. The inversion of sucrose having no numerical relation 
between the velocity of inversion and the acidity of the fruit 
extract, it seems proper to ascribe it to the action of invertase in 
the fruit. 

Although the transformation of the soluble shibu in the 
astringent fruit into an insoluble one, was very slow compared 
with the rate of change in the sweet kaki, when the fruit reached 
maturity, the characteristic softening of the pulp began, accom- 
panied by marked lessening in the content of the soluble shibu, 
cane sugar and acids, and on the other hand by increase of the 
reducing sugar-content, even as similar changes were already 
observed in these constituents of the sweet kind. 

The authors, therefore, with regard to the nature of the 
ripening of the kaki-fruit, including both sweet and astringent 
varieties insist upon the opinion which they proffered in the 
second article, namely, the reducing sugar-content increases and 
on the other hand the soluble shibu-content decreases. 

One of the important factors in the ripening of the fruit as 
will be seen in the experimental results was the accumulation of 
enough reducing sugar to balance the unpleasant acrid taste due 
to the presence of organic acids and soluble shibu by the sweet- 
ness of the sugar but not to lead to an entire disappearance of 
the soluble shibu. As a matter of fact, the following proportions 
of reducing sugar, soluble shibu and acid contents of the ripe fruit 
were observed to exist : 

sugar 10: soluble shibu 0.2: acid 0.1 
It was also an important factor in maintaining the sweetness of 
the fruit that the fructose-glucose-ratio in the reducing sugar, 
keeping the definite proportions above mentioned among the three 
essential constituents, sugar, shibu and acid, should not allowed 
terexceed 1,2: 
It was very strauge that the nitrogenous matter in the 


astringent fruit increased gradually with time, while that in the 
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sweet decreased. 

The fruit of the astringent variety was generally used, in 
Japan, as a souce of fruit jellies. Some advantages arising out 
of the use of the fruit in jelly-making depend upon the presence 
therein, in high proportions, of pectin. 

The chemical change of the constituents of the picked fruit 
during storage at room temperature, differed somewhat in detail 
from that of the fruit on the tree, especially as concerns the 
content of cane suger and shibu. 

“Saijo”’ grown in Onomichi, Hiroshimaken, picked on Nov. 1. 
and analysed the next day and on the 9th., keeping it in the 
laboratory. During storage, the cane sugar and soluble shibu of 
the picked fruit as seen in the accompanying table, X, XI, XII, 
disappeared entirely by conversion of the former into the reducing 
sugars, and of the latter into an insoluble form, while the weight 
of marc showed a corresponding increase. Such facts seem to 
support the explanation with regard to the insolubility of shibu, 
during the period of ripening, that the shibu becomes associated 
with a second colloid such as protein or some other substance in 
the fruit, with which it forms an insoluble compound (Y. Kumagai 
and K. Tazaki, 1922-F, EB. loy.d)19i1). 

Such a view of the insolubility of the shibu was already 
rejected by one of us and H. Ueda in the second article, and 
the true mechanism of its transformation by further study of its 
chemical nature, will be explained. 
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DEB) S. Komatsu and M. Ishimasa. 


Il. Tue OrtGin oF THE REDUCING SUGAR 
IN THE FRuIT. 


The presence of d-fructose, d-glucose and sucrose in the 
kaki-fruit has been established, yet the relationship of the carbohyd- 
rate to one another was undecided. 

Studying the fructose-glucose-ratio, during the period of 
ripening, one of us and Ueda (1923) have, in a previous paper, 
presented the view that the reducing sugars were formed by 
hydrolysis from sucrose or some other polysaccharide. To afford 
some evidence in favour of the above view, the unripe fruit of 
two strains of astringent variety, and one strain of the sweet, 
grown at three different places in Kyoto, and picked on Sep. 27 
was analysed. 

The percentage of total sugar in the fruit picked on the 
same day, as will be seen in the following table, was fairly con- 
stant, no matter what fruit of the different strains was examined. 
Moreover, the fruit contains much reducing sugar but less sucrose ; 
the quantity of the former in the fruit was in inverse proportion 
to that of the latter. Such facts render the sucrose theory con- 
cerning the origin of the reducing sugars during the period of 
growth, although conclusive evidence on this point is lacking. 


“ Marugaki ” “ Marugaki ”” “ Daishiro ” 
Tanaka. University ‘Tanaka. 
ground 
6 %e 2a 

Total sugar 12.4 10.8 10.6 
Reducing sugar 10.4 8.5 7.0 
Sucrose 2.0 2.3 3.4 
Fructose-glucose-ratio 1.59 1.86 oS 
Weight per fruit 70 gm. 59 gin, 29 om. 


REFERENCES. 
Carré, H.H. and D. Haynes, (1922): Biochem. J., 16, 60. 
Komatsu, S. and H. Ueda, (1923): This Journal, Pag Padile 
Kumagai, Y. and K. Tozaki, (1922): Nogaku Kwaiho, No. 236. 
Lloyd, F. E., (1911): Biochem. Bull., eee : 


UBER DIE GLYKOLYTISCHE KRAFT 


DES, BLUTES. 
II. Mitteilung. 


VON 


YOSHIKANE KAWASHIMA. 
(dus der biochemischen Abteilung des Institutes fiir Infektionskrankheiten 
der Universitit su Tokyo. Vorstand: Dr. Teisuke Kohmoto.) 


(Eingegangen am 29 Juli, 1923. 


[SS EiInrermrunG: 


Aus der vorigen Mitteilung (1922) stehen wir nunmehr 
zweifellos vor dem Schlusse, dass die glykolytische Kraft der 
Erythrozyten mit ihrer Lebensaktivitat eng verknipft ist. Sie 
geht namlich schon durch den einfachen mechanischen Zerfall der 
Zellen, oder doch durch cintagiges Belassen der Blutkorperchenauf- 
schwemmung im Brutschrank verloren, wahrend die Blutkorperchen 
dabei in der Form noch gut erhalten sind. 

Hier mochte der Verfasser zur Beifigung noch die Ergebnisse 
einiger weiterer Experimente berichten, die das Resultat der vorigen 


Experimente bestatigen. 


I]. UNrersuCHUNGSMETHODE. 


Die Untersuchungsmethode folgt im grossen und ganzen 
auch der bei den fritheren Untersuchungen. Aber uber verschie- 
dene Punkte ist hier einiges zu bemerken. Als Versuchstier 
standen uns Kaninchen zur Verfigung. Das entnommene Blut 
wurde sofort defibriniert, und zu diesem, unter Umstanden nach 
einiger Behandlung, eine geringe Menge der isotonischen Kochsalz- 
losung mit 10%igem Traubenzucker hinzugefugt, um den Ausschlag 


des Versuchs deutlich erfolgen zu lassen. Zur Zuckerbestimmung 


O74 Y, Kawashina: 


bediente ich mich des Mikroverfahrens von Bang.  Naturlich 
wurde alles unter streng aseptischen Kauteln ausgefthrt, wahrend 
die Bakterienfreiheit jeder Probe stets durch aerobe und anaerobe 


Kultur sichergestellt wurde. 


Ill. Die GlLyKoLyriscHE KRAFr DER ERYEHROZYTEN 
IN DER HYPOTONISCHEN KOCHSALZLOSUNG. 


Aus der vorigen Mitteilung ist ersichtlich, dass die glykoly- 
tische Kraft der Erythrozyten in der hypertonischen Kochsalzlosung 
fast immer unverandert bleibt, selbst wenn ihre Konzentration 1 
Mol. oder noch dartber hinaufgeht. So glaube ich dass es von 
Interesse sei zu prifen, wie die glykolytische Kraft der Erythrozyten 
in der hypotonischen Kochsalzlosung sich verhalt, in welcher die 
Zellen eine deutlich formliche und funktionelle Veranderung unter 


der Aufquellung erfahren. 


TABS BLE, Ge 


Gehalt| Zuckergehalt in 2g Zucker- soa ae 
- . Ss 2 F i trythro-, Zucker- 
Versuchsfalle Cl ae acai Nach § | Nach 24 ee ad zyt. Bia: Wteistiwe 
(9) | Versuch | St, im | St. im [7 Ty | helt, |zuct.Mial. 
——— ee | ; | 37rC. | 37°C. © | ~? | Tausend | Erythr. 
Kontrollvers.| 0.85 | 0.240 | 0.126 | 104 | 43.3] 6,161 | 16.9 
T 
Eigentl. Vers| 0.4 | 0.294 0.279 | 15) Bal) S0G35 
- — => i | : 6, 187 
Kontrollvers.| ,, | 0.221 0.C92 | 129 | 58.4 (ate) 20.9 
ee ; 5, 759 
FKigentl. Vers.| 0.5 0.199 0.114 $5 42.7 |(4, 747) 14.8 
7 i _- 17.622) 
6, 264 
Kontrollvers. Pe F220) 0.169 Les 51-9 23.2- |(5, 129) |g = 5 
ae ) 0. 220 G 0.129 | 51-91 aA Te. el 14.5 
Figentl. Vers.| 0.5 0.287 | 0.268 age wba, 8.4- 12, 466(?”, -15 
) 7 0.24 4-58 13.21(66) 9.7-15.4 
- 97.393 
6, O11 
Kontrollvers.| —,, 0.247 | On18 2119 _199128-9- |(5, 913) lq 9 o7 2 
a 7 S| Ost 59-128 51.8 1.622)9°9 21.38 
Kigentl. Vers.) 0.5 0.229 0.195 0.186 1384-98 14.8- Oy 753 
g 5 34 — 98 40.6|(3, 839) 5.9-16: 2 
33.326 | 
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{2 ) = Mikroskopisch sind eine nicht so geringe Anzahl Erythrozyten zu 
erkennen, z. IT. zerfallend, z.'T. noch gut geformt, meistens mit Stroma 
sich zusammenklumpend. Die angegebene Zahl ist also keine sichere. 

(27) = Bei der Zihlung sind etwa vorhandene Schatten mitherechnet 

Die Erythrozytenzahl in den Klammern wurde am Ende der 
Priifung des folgenden Tages berechnet, und die Prozentzahl zeigt eine 
abgenommene Proportion der Erythrozyten, welche wihrend der Ver- 
suchsdauer zu grunde gingen. 


(+) = Kein Zahlenunterschied vor und nach dem Versuch. 


Aus der Tabelle I kann man ersehen, dass die glykolytische 
Kraft der Blutkorperchen in der hypotonischen Kochsalzlésung in 
einem parallelen Verhaltnis mit ihrem Zerfall steht, cbensowie die 
in der hypertonischen. Dieses Verhalten war ausgepragt bei dem 
Versuch I, wobet die Blutk6rperchen schon wahrend des drei- 
maligen Auswaschens mit der 0.4% igen Kochsalzlosung grosstenteils 
zerfelen und auch die glykolytische Kraft auf cin Minimum 
zurickeging. In den Fallen IT und IV, wo der Zerfall beim 
Auswaschen nicht so deutlich war, und erst wahrend der Versuchs- 
dauer einen ziemlich starken Grad erreichte, zeigt dic Zuckerab- 
nahme nur etwas geringeren Wert als die Kontrollen, was als 
Folge der verschwindenden Erythrozyten leicht verstandlich ist. 
Jedenfalls kann man sagen, dass die glykolytische Kraft der 
Erythrozyten in der hypotonischen Kochsalzlosung fast unbeein- 
trachtigt bleibt, solange die Erythrozyten darin noch nicht vollstan- 
diger Zerstorung anheimfallen, wenn sie auch schon aufgequollen 
und gewissermassen geschadigt sind. 

IV. VeERsucH MIT DEM VOM SERUM MOGLICHST 
BEFREITEN DURCH FRIEREN UND AUFTAUEN 
HAMOLYSIERTEN ERYTHROZYTENBREIE. 


Bei diesem Versuche wurde das entnommene defbrinierte 
Kaninchenblut auf cine kraftige Zentrifuge gebracht, und das 
abgeschiedene Serum moglichst geniigend abpipettiert. Tin Teil 
von solchem Blutzellenbrei wurde als Kontrollprobe genommen, 


der andere Teil davon durch wiederholtes Frieren und Auftauen, 
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hamolysiert (Eintauchen in ein Gemisch von Eis und Kochsalz, 
dann in warmes Wasser von ca. 38-40°C). Dann wurden die 
beiden Proben mit der 10%igen Traubenzuckerlosung von einer 
gewissen Menge versetzt und zur Untersuchung angestellt. Wahrend 
des Hamolysierungsverfahrens wurde der Blutzellenbrei oft kraftig 
zentrifugiert, um die zuriickgeblicbenen geformten Elemente 
moglichst zu entfernen, und dann mit der Zuckerlosung versetzt, 
um die Glykolyse zu untersuchen. (Tabelle II eigentl. Versuche 
B. Des3) 


TABELIER: UE: 


[ ; 5 , =] ae 
| Zuckergehalt in 24 Zucker- Zahl der} Relative 
Pte = | abnabmeyin Erythro-| Zuckerab- 
Versuchsfalle lee [Nach 20- zyt nahme zu 
| Vor dem | ana. 0st rfl tee a 
Ae a iil || eo Deel Ta 5 Einheit, 1 Mil. 
I Wersuch soc | mg. Oo. in 
: Sea hi Tausend,} Erythrozyt. 
| | » 
Kontrollversuch 0.345 0.07 274 | 79.4 (3.702) 16.1 
| | 48.822, 
| | | 
es (20X)* | 0.387 | 0.372 Hy |) ee) ERC) 
Eigentl. Vers. | 
1B (10X)* | 0.937 | 0.252 | 0 0 0 
Se eee | ae | | cae 
Kontrollversuch | 0.479 | 0.149 | 330 | 68.9 = oe 21.3 
| | | 19.29%, 
C. (10X)* 10.557) | 0.525 29) 1 95.2 eden 
Eigentl. Vers.) | | | 
D i5X)* | 0.549 | 0.527 | 22 4.0} 15 Ca 
| 
| | | 
Bisentil Verse tcaxy* 0.306 | 0.315 | O Lea 0 


“nicht zentrifugiert. 

* zentrifugiert. 
(20X) (LOX) ete. = wiederholte Zahl des Hamolysierungsverfahrens. 
Erythrozytenzahl mit (? ) ist nicht ganz sicher, weil die Zellen in einer 


schleimig-ziihen Probematerie nicht ganz gleichmiassig verteilt sind. 


Wie die Tabelle II zeigt, liess sich noch eine ganz geringe 
Zuckerabnahme bei der Zerst6rung der Erythrozyten erkennen 


“J 


a | 
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(Vers. A.u.C.), welche natirlich auf der Aktivitat der vom 
Zerfall verschont gebliebenen Erythrozyten beruhen muss, da die 
durch die Zentrifugierung zellenfrei_ gemachte Flissigkeit keine 
glykolytische Kraft mehr hatte (Vers. B.u.E.). Der Versuch 
f wurde moglichst rasch nach dem zweimaligen Zerfallungsver- 
fahren angestellt, damit die Frage festgestellt wird, ob die elykoly- 
tische Kraft sich schon wahrend des mehrmaligen langen Verfahrens 
verlieren werde. Beim Versuche D konnte zellenfreie Materie 
trotz des kraftigen Zentrifugieren nicht gewonnen werden; sie 
zeigt eine sehr schwache Glykolyse wie die beim Versuch A. u. C., 
wobei cine vollstandige Hamolyse selbst nach 10-20 mal wieder- 
holtem Zerfallungsverfahren nicht herbeizufthren war. 

Daraus ist es hier klar gestellt, dass die glykolytische Kraft 
der Erythrozyten mit threm Zerfall verschwindet, denn die hamoly- 
sierte Substanz aus den vom Serum befreiten Blutkorperchen, 
deren Inhalt wahrscheinlich cin gecigneteres Medium fur den 
glykolytischen Vorgang sein mag, zeigt keine glykolytische Kraft 
mehr. Wie aus der Tabelle II ersichtlich ist, verrichten die 
unzerstorten widerstandigen Erythrozyten cine relativ  grossere 
Zuckerspaltung, worauf ich im nachsten Experimente noch weiter 


eingehen will. 


V. VERGLEICHENDE VERSUCHE MIT DEM ERYTPHROZYTEN- 
BREI UND VOLLBLUT U.S. W. 


TABELLE III. 


Zuckergehalt in 241 Zucker- Zahl der on 
PF $i abnahme im |iBrythrozyel (ot oe 
Versuc hsfalle Nach 22- eee ort oi aaelebhoye) 7A: 
Vor dem 93 St $$ Einheit, 1 Mil. 
Versuch lin 87°C. mg. % !’ausend. Erythrozyt. 
Vollblut-+-Zucker | 0.272 | 0.056 | 216 | 79.4 6,821 31.7 
B. Z. B +Zucker 0.491 | 0.155 856 68.4 TS sulizal 25.5 
It ae , | 
Desgleichen -+ fs fs One mre repay: AGS 
Freee. (aa,)| 0-802 | 0.070. | 202 (68 | 7,291 | 82.1 
| Mikroskopisch ganz ger- 
O. UL. Z.+ Zucker 0.257 | 0.257 0 Q — inge Anzahl Erythrozy- 
| ten sichtbar. 
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Zackergehalt in 2 Zucker- Zahl der _Relatee 
aX abpahiase ain Erythrozyt.| far eciaegset 
Versuchsfille H Nach 22-— is .- ‘| nahbme zu 
Vor dem aa Einheit, | ? 
Versucl 23° St. g % Tausend sce: 
Le se eee i meS7e CAN mes as ne ' | Erythrozyt 
a. Vollblut-+Zucker | 0.274 0.059 | 215 | 78.5 | 7,456 20°38 
| 
b. BZ. B, + Serum) » o5¢ | 9.945. | 111 | 81.2: 2 ade azas 
Il (ca. 9 mal mehr 
: Vol.) + Zucker | | 
cB. 2- BO. HZ) 0.975 10.041 \elete eB, Oi Cua eam 
(aa.)+ Zucker | 
= ee x _ 7 = a 2a 
Ve blut +f. Zucker (We 566 0. 143 99° | 60. 9) 6, 91 5 39.2 
ILL. B. Z. B. + Serum es 
‘ca. 19 mal mehr | 0.456 OLA e465 1 10st 0, 608 75.8 
Vol.)+ Zucker 
a. b. Z. B. + Serum 5 aoe Gre 5 | #7 gas 8.5 
ee Ne Docker 0.424 | 0.212 | 212 | 50.0 7, 448 28.5 
b. Desgleichen (ca. | 
9 mal mehr | 0.484 | 0.431 | 53 | 11.0 1, 248 42.8 
Serum.) 
| 
Fs > F > = py | { 
6B. 2B O-H-2-1 gi gas | 0.178 1166 | 48.1) « sagugve vos 
(aa.)+ Zucker | ? 
IV d. Desgleichen (ca. 
: 9 mal mehr Vol. | 0.3819 | 0.245 | 74 | 28.2 1, 240 59.7 
OMEITZ:) | | 
e. Gewaschene Blut- | 
zellen + NaCl- | , . ) OR & he | ae 
lésg. (aa.) + 0.264 } 0.251 IS: | 31.0 5, 920 LOAN 
Zucker | 
f. Desgleichen (ca. | 
9 mal mehr Vol. | 0.385 | 0.315 20) 620!) 1/688 11.8 
NaCl-lésung) | ! | | 


B. Z. B.=Der vom Serum méglichst befreite Blutzellenbrei unter Anwendung 
der Zentrifuge. 

O. H. Z.=Obere hamolysierte Zentrifugalmaterie, welche nach der Hamolyse 
des obigen Blutzellenbreis durch Trieren und Auftauen abgetrennt 


wurde. 


Bei diesen Versuchen wurde erstens die glykolytische Kraft 


des Vollblutes mit der von dem Blutzellenbrei allein, oder -mit 


der von den in der oberen hamolysierten Flussigkeit suspendierten 
Blutkorperchen, d.h. den im Zellinhalt aufgeschwemmten Blut- 
korperchen, verglichen. Zweitens wurden die zwei Proben unter 
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gleichen Bedingungen hergestellt, deren eine die fast normale 
Anzahl von Erythrozyten, eine andere nur eine geringe Anzahl 
davon enthalt, um in ihrer glykolytischen Kraft miteinander 
kollationiert zu werden. 

Wie aus der Tabelle UI veranschaulicht ist, zeigen das 
Vollblut und der Blutzellenbrei mit der hamolysierten oberen 
Zentrifugalflissigkeit in ihrer glykolytischen Kraft einen fast gleichen 
Wert, wahrend beim Blutzellenbrei allein cin niedrigerer als diese 
beiden sich erkennen lasst. Beim letzteren nahert sich die 
abgenommene Zuckermenge zu I Mil. Erythrozyten derselben 
bei den Erythrozyten in physiologischer Kochsalzlosune (siehe 
auch die Tabelle II Wontrollversuch). Wenn man die Erythro- 
zytenzahl in der Probe geringer macht, so tritt die Glykolyse in 
einem starkeren Masse als die beim fast normalen Gehalt von 
Erythrozyten <in? wie dié Versuchsfalle 11 a. b., Ul u. IV a. b: 
u. c. d. zeigen, wurde beim Gehalt von 2343 und 1248 Tausend 
Erythrozyten mit Serum 1.6-1.5 fache, von 608 Tausend 2.5 fache, 
und von 1240 Tausend Erythrozyten mit der oberen hamolysierten 
Zentrifugalflissigkeit eine 2.4 fach grossere Zuckermenge im 
Verhaltnisse zu 1 Mil. Erythrozyten als dic Kontrollen abgespalten. 
Bei den Erythrozyten in der physiologischen Kochsalzlosung, den 
letzten Versuchen e. u. f. in der Tabelle III, ist dies aber nicht 
der Fall, sondern es ist eine etwas kleinere Zuckerabnahme beim 
geringen Erythrozytengehalt zu erkennen, wortber dic genaue 
Beschreibung sich in meiner ersten Mitteilung findet. 

Aus den obigen Ergebnissen kann man sagen, dass das 
Serum und die oben hamolysierte Zentrifugalmaterie, der geloste 
Zellinhalt, cin passendes Medium vom fast gleichgradigen Erfolg 
zur glykolytischen Wirkung der Erythrozyten bieten. Bei den 
Erythrozyten ohne das Medium von einer bestimmten Menge 
schwacht sich ihre glykolytische Kraft ab, was in den Versuchs- 
fallen mit dem Erythrozytenbrei zu sehen ist. Wenn dagegen 
das Medium an Menge im Verhaltnis zu den Erythrozyten 
vermehrt ist, so ist ihre glykolytische Kraft starker entfaltet, 
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abgesehen vom Falle mit der physiologischen Kochsalzlosung. 
Natirlich kommt der glykolytische Vorgang auch nicht in 
Erscheinung, wenn die Zahl der Erythrozyten in der Probe sehr 
stark abnimmt. Das Phosphatgemisch von Blutalkaleszenz ist 
auch fiir die Glykolyse der Erythrozyten vom gleichen Verhalten 
mit dem Serum oder dem gelosten Zellinhalt, was aus der Tabelle 
TV u. V in der vorigen Mitteilung verstandlich ist. Nachstehende 


Tabelle zeigt wieder die kurzgefassten Resultate. 


TABETILE sive 


Relative 


7 aes | zi 
Zuckergehalt in 2g |  Zucker- | Zahl der 
[2 g | | ra 
; a | a | abnahme in | Erythrozyt, Zuckerab- 
Versuchsfille |Nach 21- Merges nahme zu 
| Vor dem ——— E/inheit, Mil 
| Versuch 24 St. | mg. og Tausend 1 Mil. . 
AES! eee A Erythrozyt, 
| \ 
Vollblut + Zucker | 0.274 | 0.076 | 198 | 72.3] 5,840 | 33.9 


Ausgewaschene Blutzellen 
+Phosphatgemisch von | 0.299 0.106 193 64.5 | 5,224 56.9 
Blutalkaleszenz-+ Zucker | 

| 


Desgleichen | 0.228 | 0.139 89 | 89.0 | 
| | | 


Iendlich kann man auch vermuten, dass der geloste Zell- 
inhalt nicht mehr glykolytisch wirkt und bei dem Versuche nur 
als eine Neutralisationsmaterie der Zuckerspaltungsprodukte wirkt 
wie das Serum oder Phosphatgemisch, um die glykolytische 
Aktivitat der Erythrozyten lang und stark vor sich gehen zu 
lassen. Also ist es auch leicht erklarlich, dass die Erythrozyten 
starker aktiv sind, wenn sie in einer grosseren Menge von Serum 
oder Phosphatgemisch aufgeschwemmt sind. 


VI. SCHLUSSFOLGERUNGEN. 

I) Inder hypotonischen Kochsalzlésung wird die glykolytische 
Kraft der Erythrozyten nicht so deutlich verandert, solange diese 
nicht zur Hamolyse kommen. 

1) Mit der Hamolyse des Blutzellenbreis durch Frieren und 
Auftauen geht auch die glykolytische Kraft verloren. 
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III) Die Aufschwemmung der Blutko6rperchen im durch 
Hamolyse gewonnenen Zellinhalt wirkt fast gleich stark glykolytisch 
wie das Vollblut ; vorausgesetzt, dass die Blutkorperchen in einem 
Medium von einer fast gleichen Menge aufgeschwemmt sind. 

IV) Die Blutkorperchen zeigen eine starkere glykolytische 
Kraft, wenn sie in einer grosseren Menge von Serum, Phosphat- 
gemisch bzw. Erythrozyteninhalt, nicht aber Kochsalzlosung, 
aufgeschwemmt sind; die Ursache liegt wahrscheinlich darin, dass 
die Medien auf die Produkte der Glykolyse neutralisierend wirken. 

V) Der geloste Zellinhalt zeigt keine glykolytische Kraft. 

VI) Die Erythrozyten wirken glykolytisch, solange sie nicht 
nur morphologisch sondern auch funktionell aktiv sind. Wenn 
sie zum Zerfall kommen oder ihre lebendige Kraft verlieren, 
obgleich sie mikroskopisch in der Form noch gut erhalten sind, 
so kommt auch ihre glykolytische Kraft zum Verschwinden. 

Im Anschluss daran fuhrte der Verfasser viele Experimente 
iiber die Beziehung zwischen der glykolytischen Kraft und der 
Atmung der Erythrozyten aus, deren Ergebnisse bald nachfolgend 


als dritte Mitteilung erscheinen sollen. 
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